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In  order  to  fulfill  the  grand  tasks  established  by  the  XXI 
Congress  of  the  Communist  Party  of  the  Soviet  Union  directed  toward  the 
building  of  Communism  in  oxir  country,  geodesists  and  cartographers  are 
to  carry  out  a  great  number  of  varied  and  complex  projects,  primarily 
in  the  eastern  regions  of  the  USSR. 

A  topographical  study  of  the  land,  which  is  essential  to  the 
solution  of  many  national  economic  pi’oblems,  and  also  problems  of  the 
defense  of  the  nation  require  the  estabiishment  of  a  highly  accurate 
geodetic  net,  which  is  of  great  scientific  importance  along  with  its 
economic  value.  Therefore  great  attention  should  be  devoted  to  improv¬ 
ing  the  planning  and  the  program  for  the  development  of  this  network 
along  with  iniproving  the  techniques  of  measurement  in  constiucting  a 
state  geodetic  net. 

Soviet  geodesists  and  cartographers  can  take  pride  in  the  fact 
that  the  successful  development  of  geodetic  projects  in  our  country  is 
linked  with  the  name  of  the  great  Lenin,  who  signed  the  decree  on  the 
organization  of  the  State  Cartographical  and  Geodetic  Service.  In  the 
4o  years  that  have  passed  since  that  day,  geodetic  projects  have  been 
fulfilled  which  are  outstanding  in  their  size  and  quality.  The  number 
of  links  in  the  astrogeodetic  net  has  reached  500  and  over  two  thirds 
of  the  area  of  the  USSR  is  covered  by  the  polygons  of  this  network, 
which  has  created  conditions  for  establishing  a  single  system  of  coor¬ 
dinates  and  surveys  for  the  entire  territory  of  the  Soviet  State.  This 
astrogeodetic  network  has  no  equal  in  the  world  in  its  quality  and 
uniformity.  In  the  last  10  years  Soviet  geodesists  have  undertaken 
the  construction  of  dense  triangulation  nets  of  high  accuracy  over  large 
areas. 

Our  geodesists,  who  enjoy  the  constant  support  of  the  Soviet 
government  and  who  are  headed  by  an  outstanding  scientist.  Professor 
F.  N.  Krasovskiy,  have  obtained  measurements  of  the  earth  which  are 
more  reliable  than  anj'’  ever  made  previously  and  which  ape  accepted  to¬ 
day  in  many  countries. 

Contemporary  achievements  in  different  branches  of  science  and 
technology,  in  the  first  instance  in  the  fields  of  electronics,  -radio 
engineering,  and  automatic  devices,  have  brought  about  new  methods  of 
measurement  which  have  compelled  a  new  approach  not  only  to  technical 
but  also  to  administrative  problems  of  constructing  a  state  geodetic  net. 
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These  achievements  in  the  field  of  geodetic  meaShfiSiehts  include  optical 
and  radio  range  finders,  as  well  as  attachments  Whihh  make  possible  a 
considerable  increase  in  the  acctiracy  of  angular  measurements.  The 
work  of  our  scientists  and  production  people  on  problems  of  the  mathei- 
matical  processing  of  the  results  of  geodetic  observations  should  also 
play  an  important  roleV  ' ■  ■ 

Soviet  geodesists  are  faced  with  new  problems  in  the  field  of 
constructing  a  state  geodetic  net  in  connection  with  problems  of  the 
further  study  of  the  shape  of  the  earth  and  hori-ibrtbal  and  vertical 
movements  of  the  earth^s  crust.  There  is  no  doubt  that  inqcu'bvement  of 
the  state  geodetic  net  is  essential  to  the  ob^ectives-ff'' stren^hening 
the  defense  capabilities  of  our  Motherland;  '  :  J:  i? 

The  Scientific  conference  of  Hi^er  Educational  Institutes  has 
resolved  in  respect  to  the  construction  of^ 'a  State  geodetic  network: 

1.  To  consider  that  the  development  of  plans  end  a  program  for 

a  state  geodetic  network  is  of  decisive  inportance-in  setting  up 
geodetic  projects  which  will  ful^  ensure  the  soluticn'  of  production, 
defense,  and  scientific  problems  *  ^  ^  1  t  . 

2.  To  consider  e.s  the  first  priority  task- the:  ebitrpletion  in 
the  curi’ent  Seven-Year  Period  of  an  astrogeodetic  nit  over  the  entire 
territory  of  the  Soviet  tJnion  in  the  form  Of  ipoiygoiiib,t'  observing' the 
conditions  and  requirements  formulated  in  the  Pundamental  Propositions 
of  195^  and  taking  into  account  the  fullest  utilization  Of  contemporary 
means  for  making  high- precision  linear  measur^ents;,;.  *  i  . : 

3  •  The  most  important  problem  is  the  construction  of  a  high- 
accuracy  dense  network  Of itontrol  points  inside  the"  poiygons  of  the 
astrogeodetic  net  .  In  order  to  make  these  net^rks  truly  fundamental 
and  precise  so  that  they  will  not  have  to  be  done  Oter  again  in  the 
near  future,  the  measurements  of  these  networka  musti  be- made  M 
maximum  accuracy  possible  in  mass  field  projects  With  the  existing 
instruments.  -  ^  Ci'-'c/t:’:''-.. 

In  cohnectlOn  with  the  appearance  of  new  'meansi  for  ttaking  meas¬ 
urements  in  the  form  nf  radio  and  optical  range  finders,  accia'ate 
pol^’-gonometiy  shoxild- acquire  corresponding  deyelbpment .' 

In  all  cases  it  will  be  necessary  to  ensure  a  density  in  the 
state  geodetic  network  such  that  there  will  be  one  point  in  not  more 
than  50  square  kilometers.  In  regions  of  difficult  access  (inpassable 
bogs  and  mountains  whose  tops  are  peipetually  covered  with  snow)  it 
will  be  necessary  to  construct  nets  of  trianglesi  witi  longer  legs; 

k.  To  consider  it  to  be  one  of  the  principaTitasks  of  scientific 
and  production  personnel  to  work  out  concrete  plans  for  construction  of 
a  state  geodetic  network  for  large-scale  topegrajhiGal  Surveys,  depend¬ 
ing  on  general  scientific  and  technical  requirements,  the  plqrSlcal  geo¬ 
graphical  conditions  -in  the  regions,  the-:prOspects  of  their  national 
economic  development,  always  taking  intO’  account  the  ea^eriehce  which 
has  acctanulated  in  production  work^  :>  ..i  :  :  f  ■  .  i.  n 
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In  vox-king  out  such  plans  it  is  essential  to  endeavor  to  reduce 
as  far  as  possible  the  number  of  steps  in  their  development.  The 
development  of  plans  should  be  accompanied  by  objective  technical  and 
economic  motivation. 

5.  The  Conference  recommends  an  examination  of  the  question  of 
the  systematic  conduct  of  repeated  observations  at  points  of  the  state 
geodetic  net  vith  the  objective  of  studying  movements  of  the  earth*  s 
crust . 

6.  Taking  into  consideration  that  optical  and  radio  range  find¬ 
ers  are  progressive  tools  of  a  new  technology ^  the  Conference  requests 
that  the  Ministry  of  Higher  and  Secondary  Special  Education  USSR  submit 
a  petition  to  the  Gosplan  USSR  and  to  the  State  Committee  on  Electronics 
on  expediting  the  series  production  of  these  instruments. 

7.  It  is  essential  to  continue  and  to  expand  the  development  of 
new  means  for  geodetic  measui-ements  and  the  mathematical  processing  of 
the  results  obtained  from  the  field,  at  the  same  time  making  maximum 
use  of  contempoi'-ary  achievements  in  the  fie3.d  of  automation  and  mechani¬ 
zation. 

At  the  same  time,  too,  measures  must  be  taken  to  improve  existing 
designs  for  high-precision  geodetic  instruments  and  devices. 

8.  The  Conference  considers  it  essential  to  ensure  the  possibil¬ 
ity  of  making  field  tests  of  new  methods  for  adjusting  large  geodetic 
networks . 

9*  As  for  the  training  of  geodetic  cadres,  the  Conference 
wholly  approves  and  supports  the  measures  put  into  effect  recently  to 
strengthen  the  training  of  students  in  the  fields  of  mathematics  and 
physics  and  also  in  broadening  field  practice  work. 

At  the  same  time,  it  is  necessary  to  devote  more  attention  to 
replenishing  geodetical  departments  and  to  ensure  a  sharp  decrease  in 
the  subsequent  screening  of  specialists.  It  is  requested  that  the  GUGK 
[Glavnoye  Upravleniye  Geodezii  i  Kartograffi  —  Main  Administration  of 
Geodesy  and  Cartography]  of  the  Ministry  of  the  Interior  USER  and  the 
aerogeodetic  enterprises  adopt  all  pending  measures  to  send  young  work¬ 
ers  who  have  done  well  in  field  work  to  geodetic  establishments  of 
hi^er  learning. 

10.  In  the  interests  of  raising  the  scientific  and  technical 
level  of  engineering  and  technical  personnel  in  field  work,  it  is  con¬ 
sidered  expedient  to  ensure  the  systematic  conduct  of  course  work  on^ 
the  study  of  modern  achievements  in  geodetic  science  and  techniques  in 
the  geodetic  establishments  of  higher  learning. 

11.  The  Conference  considers  it  necessary  to  create  proper  con¬ 
ditions  for  conducting  scientific  research  projects  in  geodesy  and  topo¬ 
graphy  in  Siberia  and  recommends  an  examination  of  the  question  of 
organizing  a  branch  of  the  TsEIIGA  iK  [Tsentral*nyy  Nauchno-Issledovatel* 
skiy  Institut  Geodezii,  Aeros‘yemki  i  Kartografii  —  Central  Scientific 
Research  Institute  of  Geodesy,  Aerial  Surveying  and  Cartography]  in 
Kovosibirsk  and  a  geodetical  laboratory  under  the  Novosibirsk  Branch  of 
the  Acadeu^y  of  Sciences  USSR. 
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II.  THE  TASKS  OF  THE  GEODETIC  SERVICE  IN  FULFILLIRG  TEE  SEVEN-lEAR 
PLAN  FOR  THE  DEVELOPMENT  OF  THE  NATIONAL  ECONCMI  OF  TEE  USSjR  . 

Pages  9-15  A.  N.  Baranov,  Chief  of 

the  Main  Administration 
of  Geod.esy  and  Cartograpl^, 
Ministry  of  the  Interior 
USSR 

The  Twenty-First  Congress  of  the  Communist  Party  of  the  Soviet 
Union  summed  up  the  great  victories  of  the  Soviet  people  with  deep 
satisfaction  and  revolutionary  pride.  T^®  greatest  achievement  of  the 
heroic  struggle  and  labor  of  the  Soviet  people  is  the  new  society  they 
have  created  -  socialism,  and  the  political  structure  corresponding  to 
it  -  the  Soviet  socialist  state. 

Our  country  has  become  a  mighty  socialist  power  with  a  highly- 
developed  economy  and  advanced  science  eind  culture.  At  present  the 
USSR  occupies  first  place  in  Eiirope  and  second  ^ace  in  the  world  in 
total  production.  The  following  vital  gains  in  the  national  economy 
were  noted  in  the  resolutions;  The  gross  production  of  industry  in¬ 
creased  36  times  over  the  1913  level,  the  production  of  the  means  of 
production  grew  83  times,  and  metalworking  and  machine  manufacture  in¬ 
creased  24o  times.  In  1958  labor  productivity  had  increased  to  10 
times  the  1913  level,  and  this  was  accomplished  with  a  marked  reduction 
in  the  working  day  (as  compared  with  1913). 

In  the  years  of  the  Soviet  regime  the  per  capita  income  increased 
15  times.  The  plan  for  I958  was  successftally  fulfilled  ly  all  branches 
of  the  national  economy  and  the  plan  for  1959  is  being  successfully  ful¬ 
filled.  In  1958  industidal  production  Increased  10  percent  as  cong)ared 
with  the  7.6  percent  growth  specified  in  the  plan. 

In  1958  the  nation  produced:  55  million  tons  of  steel,  II3  mil¬ 
lion  tons  of  oil,  and  233  billion  kilowatt-hours  of  electric  power, 
that  is,  more  steel  and  oil  were  produced  in  one  month  than  for  the 
whole  of  1913 >  aud  as  much  electric  power  was  produced  every  3  days  as 
was  produced  in  a  whole  year  in  the  old  Russia.  In  1958,  capital  in¬ 
vestments  amounted  to  235  billion,  rubles,  that  is,  more  than  were 
invested  in  the  First  and  the  Second  Five-Year  Plans  put  together. 

State  to^graphical  and  geodetic  projects  and  the  cartographical 
industry  have  also  seen  significant  development  s  A  topographical  suivey 
of  the  entire  territory  of  the  USSR  on  the  basic  state  scale  (1:100,000) 
has  been  completed,  a  large  geodetic  control  network  has  been  developed, 
and  large-scale  surveys  have  been  developed  on  a  wide  front.  The  amount 
of  triangulation  work  has  increased  2i5  times  over  the  19^0  lev^j  level 
surveying  of  the  first  and  second  order,  3.6  times;  topographical  sur¬ 
veys,  4.7  times;  and  gravimetry,  more  than  2  times. 
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Our  countiy  is  entering  a  new  period  in  its  development  -  the 
period  of  large-scale  "building  of  a  Communist  society.  The  chief  tasks 
of  the  forthcoming  Seven-Year  Plan,  as  noted  in  the  resolutions  of  the 
XKI  Congress  axe:  in  the  field  of  economics  -  to  take  a  decisive 
stride  forwai'd  in  creating  the  material  base  of  Communism  and  in  ens\ir- 
ing  the  victory  of  the  USSR  in  peaceful  economic  competition  with  the 
capitalist  nations;  in  the  field  of  politics  -  to  secure  the  furbher^ 
strengthening  of  the  Sovirt  socialist  order,  the  over- all  strengthening 
of  the  union  of  workers  and  peasants,  and  the  friendship  of  the  peoples 
of  our  countiy;  in  the  field  of  ideology--  to  intensify  the  ideo-logical 
and  indoctrination  work  of  the  Party,  to  increase  the  Coiomunist  con¬ 
sciousness  of  the  Working  people  and,  first  of  all,  the  young  genera¬ 
tion,  to  overcome  the  surviving  remnants  of  capitalism  in  the  minds  of 
the  people,  and  to  carry  on  the  struggle  against  bourgeois  ideology; 
and  in  the  field  of  international  relations  -  to  maintain  and  to 
strengthen  peace  on  the  basic  of  Lenin's  princ5.ple  of  the  peaceful  co¬ 
existence  of  nations  with  different  social  systems  ^ 

The  XXI  Congress  instructed  us:  ”In  order  to  make  the  most 
rational  use  of  capital  investments,  it  is  essential  to  direct  large ^ 
sums  into  the  reconstruction,  expansion,  and  technological  re-equipping 
of  existing  enterprises,  rebuilding  and  modernizing machinery,  all  of 
which  will  make  it  possible  to  solve  the  prob3.em  of  increasing  produc¬ 
tion  and  raising  labor  productivity  with  smaller  out3.ays  and  more 
rapidly  than  investing  in  the  construction  of  new  enterprises, 

"Bearing  in  mind  the  imheard-of  scale  of  construction  in  the 
forth- coming  Seven-Year  Plan  and  the  necessity  for  achieving  the  maximum 
econony  of  socialized  labor  and  time,  it  is  essential  to  devote  special 
attention  to  the  proper  disposal  of  the  productive  forces, 

"It  is  necessarj^  to  direct  attention  to  the  further  development 
of  the  economics  of  the  eastern  regions  of  our  country  which  possess 
enormous  natural  resources, 

"in  solving  the  problems  of  the  further  development  of  our  re¬ 
sources,  preference  should  be  given  those  regions  where  the  investment 
of  funds  will  have  the  greatest  economic  effect," 

In  accordance  with  this,  the  Seven-Year  Plan  stipulates  that  the 
eastern  part  of  the  nation  should  produce;  up  to  50  percent  of  the 
total  coal  production,  up  to  48  percent  of  all  the  steel  produced,  up 
to  88  percent  of  all  the  copper,  up  to  71  percent  of  all  the  aluminimi, 
up  to  42  percent  of  all  the  cement,  up  to  46  percent  of  all  the  electric 
power,  up  to  52  percent  of  all  the  wood,  and  up  to  32  percent  of  all  the 
paper,  New  industrial  centers  are  to  be  created:  the  Kustanay, 
Pavlodar-Ekibastuz,  Achinsk- Krasnoyarsk,  Bratsk-Tayshet,  and  others, 
which  will  radically  change  the  economic  picture  of  the  East  and  give 
a  Tni  gbt.y  impetus  to  the  development  of  the  productive  forces  of  the 
eastern  regions,  A  new  grain- producing  base  has  been  created  in  the 
East.  The  use  of  ores  from  the  Kursk  Magnetic  Anomaly  and  the  Krivoy 
Rog  Area  is  being  expanded. 
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The  distribution  of  topographical  and  gegdetic  projects  should 
correspond  completely  with  the  distribution  of  the  productive  forces  of , 
the  nation.  The  Seven- Xear  Plan  for  the  Gleodetic  Service  was  compiled 
in  accordance  with  the  decisions  of  ,  the  XXI  Cpngres§  of  the  CPSU.^^  -is 
closely  connected  with  the  development  of  the  produetiye  forces  of  the  ^ 
USSR  and  their  distribution,  l^p  to  80  percent  pf  all  the  capital  out- 
l^s  of  the  GUGK  are  to  be  spent  on  the  eastern  regions  of  the  nation. 

The  prospective  plan  for  the  development  of  topographical, 
geodetic,  and  cartographical  work  in  1959-1965  has  been  worked  o\it.  The 
principal  tasks  of  the  1959-1965  plan  are:  x 

1.  To  satisfy  the  firstrpriority  requirraoents  of  the  national 

econony  of  the  USSR  in  respect  to  topographical  maps  on  scales  of  ^ 
1:25,000  and  1:10,000.  :  .  r  ,  .  /  ^  v- v 

2.  Completion  of  work  on  the  establishment  of  an  astrogeodetic 
network  and  the  state  altitude  basis  for  the  USSR* 

3.  Supplying  the  schools  of  the  USSR  with  educational  ,  maps  and 

stable  atlases.  — -i 

4.  Setting  up  large  cartographical  projects.  /  -  , 

5*  Supplying  the  developing  topographical  and.  geodetic,  projects  s 
with  the  newest  and  most  productive  geodetic  and,  stereophotogrammetricai 
devices  and  instruments.  -  <  -  v,.  , 

Accordingly,  the  draft  of  the  prospective;  plan  for  1959- r  .  i 
stipulates:  .  . 

THE  .  COHDUCT  QF  TOP0(BAPHI0Al,  AND  GE0DETIC,^PR0JECTS " 

The  planned  volume  01  ••lopogr.aphical  and  gepdctic  projects  in- 
1965  is  to  be  increased  over  the  level  in  the  following  amou^^^^ 

'  fn  1965  (in  percent 
of  the  1958  level) 

I.  The  volvime  of  topograiihical  and  geodetic  work 

in  estimate  prices  -  tptal  ^69*5 

Which  includes: 

a)  Topographical  and  geodetic  projects 

b)  Cartographic  work  of  national  importance 

II.  The  most  important  types  of  topo^si^'i.esl  end 

geodetic  projects:  .  ,  .  , 

a)  Triangulation,  classes  ,1,  ?  and  3, .  ’  ^ 

b)  Level  surveying,  classes  I,  ’ II,  and  III 

c)  Gravimetry,  classes  I,,  II,  and.  Ill  "  , 

d)  Aerial  photography  : 

e )  Topographical  maps  on ,  sc^ec  6f  1: 25 ,000 
and  1:10,000 

f )  Preparation  of  topographical  plans  for 
publication 


172.6 
'  : 117.8, 


153.2’ 
161.5  ’ 

136.8  - 

. 


:  :'i66J7 
131.4 
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III.  Topographical  and  geodetic  projects  fulfilled  on 

contract  for  different  departments  y  200.0 

It  may  be  seen  from  the  data  presenied  here  that  the  prospective 
plan  provides  for  a  marked  increase  in  the  volume  of  work  to  be  done  in 
1965  as  compared  with  the  I958  level.  At  the  same  time,  this  growth  is 
to  be  distributed  evenly  over  the  years.  This  increase  in  the  volume 
of  topographical  and  geodetic  work  is  essential  to  meeting  the  growing 
requirements  of  the  national  economy  of  the  USSR  in  respect  to  topo¬ 
graphical  maps  and  meeting  the  needs  of  the  defense  of  the  nation. 

In  taking  up  the  qiaestion  of  the  distribution  of  topographical 
and  geodetic  projects  in  the  forthcoming  Seven-Year  Plan,  it  is  necessary 
to  note  the  following  regions: 

a)  Completion  of  topographical  surveys  of  the  Urals. 

b)  The  regions  adjoining  the  Urals  on  the  east.  These  regions 
are  of  interest  in  that  data  obtained  by  geophysical  prospecting  indi¬ 
cate  the  presence  of  large  reserves  of  natural  gas  there.  In  this  con¬ 
nection,  the  Seven-Year  Plan  calls  for  the  construction  of  a  gas  pipe¬ 
line  from  Salekhard  to  Sverdlovsk. 

c)  Regions  of  virgin  lands  which  have  been  broken  and  which  are 
being  broken,  and  fallow  lands. 

d)  The  regions  of  the  lower  and  the  middle  reaches  of  the 
Angara  River,  called  the  Angaro- Pit sk  Region  in  N.  S.  Khrushchevas 
speech,  where  very  rich  deposits  of  iron  ore  and  also  polymetallic  ore 
deposits  have  been  discovered. 

e)  The  regions  of  very  rich  coal  beds,  which  have  received  the 
name  of  the  Tungus  Coal  Beds,  located  north  of  the  Angaro- Pitsk  Region. 

f)  The  Krasnoyarsk- Achinsk  Region  where  a  great  amount  of  con¬ 
struction  is  planned. 

g)  The  regions  of  the  Yakutsk  Diamond  Development  and  the 
Yuzhno- Yakutsk  Coal  Basin. 

h)  The  regions  Of  the  mouth  of  the  Vilyuy  River  and  the  Vilyuy 
Lowlands  where  industrial  reserves  of  oil  and  natui'al  gas  have  been  ■ 
discovered,  and  also  a  immber  of'  regions  of  the  Far  East. 

Over  a  million  square  kilometers  of  topographical  surveying  are 
planned  in  Kazakhstan,  in  the  regions  of  exploitation  of  very  rich 
deposits  of  different  useful  minerals,  and  also  for  the  planning  and 
digging  of  canals  to  supply  water  to  the  expanding  industrial  regions 
of  Karaganda,  Sokolovo-  Sarbay sk,  and  others . 

The  Seven-Year  Plan  of  topographical  and  geodetic  projects  calls 
for  surveys  in  the  Central  Asian  republics.  Surveys  of  the  largest 
reserve  of  natural  gas  in  the  area,  the  Gazli,  and  also  a  whole  series 
of  cotton  regions  have  been  planned  for  Uzbekistan*  A  survey  of  regions 
-  adjoining  the  Kara-Kum  Canal  and  a  number  of  oil-bearing  regions  on  the 
eastern  shores  of  the  Caspian  Sea  has  been  planned  for  Turkmenia.  A 
survey  of  .agriculture  regions  and  regions  where  prospecting  is  going  on 
for  useful  minerals  has  been  planned  for  the  Kirgiz  and  Tadzhik  Republics. 
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Topographical  stirvey  projects  ■will  he  fulfilled; 

1)  In  mining  and  prospecting  regions  for  the  Ministry  of 
Geology  and  Protection  of  the  Underground  Resources  of  the  USSR. 

2)  In  the  most  important  estuary  floodlands  and  irrigated 
regions  of  the  Kazakh  SSR. 

3 )  In  the  regions  of  the  lower  reaches  of  the  Shilka  and  Argun 
rivers,  also  in  the  upper  reaches  of  the  Amur  Ri'ver. 

4)  In  cities  and  populated  points  in  Moscow  Oblast  in  connection 
\rith  plans  for  supplying  them  with  gas . 

5)  In  the  ore  areas  of  the  Kursk  Magnetic  Anomaly  and  for  the 
Belgorod  and  Kursk  National  Economic  Councils. 

6)  In  the  region  of  the  water  reservoir  for  the  Vilyuy  I^dro- 
electric  Power  Station. 

In  addition  to  topographical  and  geodetic  projects  connected 
with  orders  from  different  organizations,  the  Seven-Year  Plan  calls  for 
systanatic  up-dating  of  topographical  maps  for  individual  regions  of 
the  USSR. 

In  connection  with  the  large  increase  in  the  amoTint  of  topo¬ 
graphical  and  geodetic  work  to  be  done  in  the  eastern  and  northern 
regions  of  the  USSR,  plans  have  been  made  to  transfer  topographical 
and  geodetic  subdivisions  from  southern,  central,  and  western  re^ons 
in  the  1959-1965  period,  which  will  require  capital  investments  in 
construction  of  housing  and  production  facilities. 

The  transfer  of  topographical  surveys  to  the  east  and  the  north 
has  given  rise  to  the  problem  of  extending  accxirate  coordinates  and 
altitudes  to  these  regions  to  form  a  single  state  system.  As  is  well 
known,  topographical  maps  of  regions  of  difficult  access,  on  the  scale 
of  1:100,000  are  based  on  astronomic  points  in  many  cases.  Now  it  will 
be  necessaiy  to  set  up  accurate  geodetic  nets,  in  the  first  instance, 
an  astrogeodetic  net  of  Class  1  in  order  to  justify  the  large-scale  maps 
of  these  regions .  These  and  many  other  reasons  have  made  the  need  for 
completing  the  astrogeodetic  net  of  the  USSR  on  accelerated  schedules  an 
urgent  need.  In  spite  of  the  exceedingly  con^icated  physical  geo¬ 
graphical  conditions  prevailing  in  the  regions  to  be  included  in  these 
projects,  the  plans  call  for  the  essential  completion  of  the  astro¬ 
geodetic  net  of  the  USSR  in  this  Seven-Year  Plan. 

New  Technology 

Fulfillment  of  the  great  and  con5)lex  tasks  which  stand  before  the 
Topographical  and  Geodetic  Service  will  be  impossible  without  the  intro¬ 
duction  and  the  production  of  new,  more  rational  methods  of  work,  highly 
productive  devices  and  instruments,  and  without  the  automatization  and 
mechanization  of  production  processes. 

A  special  role  has  been  assigned  to  the  use  of  optical  and  radio 
range  finders  in  geodetic  work  which  will  permit  a  great  change  in  the 
technology  of  constiucting  geodetic  networks  and  considerable  savings  in 
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saonetary  costs •  Our  Central  Asian  enterprise  has  already  made  success¬ 
ful  use  of  a  high-precision  optical  range  finder  in  measuring  bases  for 
a  period  of  2  years .  The  need  for  constructing  base  nets  dropped,  the 
process  of  maJsing  measurements  became  far  more  productive,  and  the  diffi¬ 
culties  connected  with  selecting  bases  declined*  There  are  prospects 
of  the  possibility  of  replacing  triangulation  strips  and  nets  with  poly- 
gonometric  traverses  and  nets  produced  with  optical  and  radio  range 
finders . 

The  transition  to  the  construction  of  triangular  wooden  towers 
means  a  considerable  economy  in  effort  and  monetary  outlays*  The  wider 
use  of  metal  portable  towers  will  also  permit  construction  of  large 
triangulation  nets  with  smaller  outlays* 

The  use  of  two- scale  aerial  photograpl^ST  is  expected  to  have  a 
significant  effect .  Devices  for  office  processing  of  the  results  obtained 
from  aerial  photography  have  been  given  a  large  place  in  the  plan  for  the 
development  and  introduction  of  new  equipment*  The  Drobyshev  stereograph 
is  being  improved  (the  production  of  two  new  models,  the  SD-II''!  and  the 
SD-2  is  planned).  The  universal  stereometer  is  under  improvement.  The 
production  of  three  new  models  of  the  Drobyshev  stereometer,  the  STD-3> 
STD-4,  and  the  STD-5,  is  being  planned.  A  photoreducer  of  new  design, 
a  rectifier  for  photographs  of  mountainous  regions,  and  a  field  stereo¬ 
meter  for  determining  elements  of  relative  orientation  (PS-l)  are  under 
developments  Devices  for  deteimining  elements  of  absolute  orientation 
of  aerial  photographs  are  being  Improved* 

The  development  of  aerial  cameras  with  larger  picture  sizes  is 
being  planned.  The  use  of  the  Romanovskiy  stereo  projector  is  being  ex¬ 
tended*  New  wide-angle  objectives  with  hi^er  resolving  capacity  are 
being  designed.  Radiogeodetic  stations  designed  for  control  of  topo¬ 
graphical  maps  on  a  scale  of  1:25,000  are  being  improved.  The  introduc¬ 
tion  of  electronic  machines  for  m^ing  compensating  computations  has 
been  started. 

In  order  to  rationalize  the  principal  geodetic  and  astronomical 
work,  a  new  high-precision  optical  theodolite  is  being  put  into  produc¬ 
tion;  a  passage  instrument  with  a  meniscus  tube  and  photographic  regis¬ 
tration,  a  prism  equiangulator,  a  zenith  telescope,  and  quartz  field 
chronometers  are  being  developed;  also,  automatic  chronographs  and 
micrometers  are  being  put  into  production  on  a  wide  scale.  The  introduc¬ 
tion  of  new  automatic  alidades,  surveying  instruments  with  self-signing 
axis  of  sight  and  with  inclined  beam,  and  optical  range  finders  is  ex¬ 
panding.  Radio  communications  with  all  field  subunits  are  planned. 

In  order  to  mechanize  laborious  processes  it  is  planned  to  make 
extensive  use  of  gasoline  power  saws,  tractors,  truck  cranes,  truck- 
mounted  hole  diggers,  and  excavators  for  construction  and  logging  work; 
it  is  also  planned  to  supply  subdivisions  with  automotive  equipment 
capable  of  operating  on  rough  terrain  and  with  air  transportation. 
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Instrumentation 

The  dreuft  of  the  prospective  plan. for  1959-1965  for  the  aerogeo- 
detic  Enterprise  stipiilarbes: 

In  1965  (in  percent 
of  1958  level) 


Gross  production  132.6 
Gross  production  in  natural  vinlts 

0T-G2  optical  theodolites  155*6 
TT-2/6  and  TVO  triangulation  theodolites  100.0 
Topographical  stereometers  78.3 
High-precision  stereometers  150.0 
Drobyshev  stereographs  173*0 
Base-line  devices  •  78. 1 
Aerial  cameras  133*3 
Bydrostabilizer  apparatus  186.0 
Radar  altimeters  180.0 
Lens  stereoscopes  I5O.O 


In  addition,  plans  have  been  made  for  the  production  of  55 
high-precision  optical  range  finders  and  20  high-precision  radio  range 
finders  by  I965. 

The  geodetic  and  stereophotogrammetrical  devices  and. instruments 
produced  are  to  be  used  to  equip  topographical  and  geodetic  projects  of 
the  Main  Administration  of  Geodesy  and  Cartography  and  to  satisfy  the 
needs  of  other  branches  of  the  national  econony. 

It  is  necessary  to  note  that  the  capacity  of  the  instrument 
manufacttiring  enterprises  of  the  GUHC  is  not  sufficient  to  satisfy  the 
needs  of  the  national  economy;  and  in  this  connection,  the  GUGK  has 
raised  the  question  before  higher  agencies  of  the  construction  of  a 
new  plant  for  manufacturing  photogrammetric  instruments  with  a  program 
of  25-30  million  rubles.;  This  question  received  a  favorable  response. 

The  Cartographical  Industry 


The  volvime  of  production  in  the  cartographical  industry  in  1959- 
1965  is  to  be  on  the  following  levels 


Gross  production 
Production  of  topographical  maps 
Production  of  educational  maps 
Production  of  educational  atlases 


In  1965  (±n  percent 
•of  1958  level) 

166.5 

135*3 

176.2 

150.0 
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Production  of  political  and  administrative  maps  107*1 

Production  of  contour  training  maps  173*9 

Production  of  standard  atlases  for  geograpl^  textbooks  2,287.0 

The  prospective  plan  for  1959“ 19^5  calls  for  increasing  the  out¬ 
put  of  educational  maps  on  cloth  in  I965  by  85  percent  over  the  I958 
level;  this  growth  will  be  spaced  evenly  over  the  years. 

The  following  large  cartographical  works  are  to  be  published  in 
1959-1965:  an  agricultural  atlas  of  the  USSR,  an  over- all  atlas  of  the 
USSR,  an  over- all  atlas  of  the  CMnese  People's  Republic,  a  physical 
geographical  atlas  of  the  world,  a  new  edition' of  the  Soviet  Atlas  of 
the  World,  also  atlases  of  the  republics,  krays,  and  oblasts. 

In  order  to  fulfill  the  projects  outlined  in  the  prospective  plan 
for  1959-1965,  it  will  be  necessary  to  build  a  new  cartographical  factory 
(in  Kiev)  and  to  reconstruct  the  Tbilisi  and  Tashkent  factories.  More¬ 
over,  it  will  be  essential  to  replace  obsolete  machinery  in  all  the  map 
factories  with  new,  more  productive  off-set  printing  machinery  in  1959“ 

1965. 

Personnel 

In  order  to  fulfill  the  Seven-Year  Plan  for  topographical  and 
geodetic  work,  the  Main  Administration  of  Geodesy  and  Cartography  will 
need  3Al8  engineers  and  7>3^9  technicians.  The  engineers  will  be 
trained  in  geodetic  higher  educational  institutes  and  the  technicians 
in  the  eight  existing  technikums  [technical  secondary  schools]. 

Specialist  cadres  must  be  trained  in  such  a  manner  that  they  will  be 
capable  of  carrying  out  complicated  tasks  under  the  very  difficialt 
phj''sica3.  and  geographical  conditions  which  are  characteristic  of  the 
regions  in  which  they  will  work .  , 

The  XXI  Congress  and  the  June  Plenum  of  the  Central  Committee 
of  the  Communist  Party  of  the  Soviet  Union  have  set  great  tasks  for 
the  Soviet  people  in  order  to  achieve  the  further  mi^ty  development 
of  the  national  economy.  Soviet  geodesists,  topographers,  and  carto¬ 
graphers  will  direct  all  their  efforts  to  construct  geodetic  nets  and 
to  satis:;^  the  needs  of  all  branches  of  the  national  economy  of  our 
socialist  Motherland  in  respect  to  topographical  and  geographical  maps. 


III.  FUTURE  DEVELOPMEMT  OF  THE  PLANS  AND  PROGRAMS  FOR  THE 
CONSTRUCTION  OF  THE  STATE  (210DETIC  NETWORK  OF  THE  USSR 

Pages  17-38  S.  G.  Sudakov,  Deputy  Chief 

of  the  Main  Administration 
of  Geodesy  and  Cartography, 
Ministiy  of  the  Interior 
USSR 

The  establishment  of  a  state  geodetic  network,  along  with  topo¬ 
graphical  and  cartographical  activities,  is  the  chief  task  of  the 
Geodetic  Sei^ice  of  the  USSR.  Soviet  geodesists  have  alwsys  ascribed 
particular  in^jortance  to  problems  connected  with  the  planning  of  the 
construction  of  geodetic  nets.  They  have  been  obliged  to  do  this,  not 
only  because  of  the  continually  growing  role  of  geodetic  nets  in  the 
topographical  mapping  of  the  countiy  on  a  large  scale,  but  also  because 
of  the  necessity  for  solving  the  many  scientific  and  technical  and 
engineering  problems  which  arose  in  the  course  of  socialist  construction. 
The  re<Tuirements  of  the  national  econony  and  the  defense  of  the  nation 
in  respect  to  topographical  maps  and  a  geodetic  network  have  brou^t 
about  a  rapid  tempo  in  the  development  of  geodetic  nets  and  the  neces¬ 
sity  for  their  systematic  improvement. 

Plans  have  been  made  to  conduct  projects  at  the  same  fast  tempo 
in  the. forthcoming  Seven-Year  Plan.  The  Seven-Year  Plan  for  the  GUQK 
calls  for  determining  1.8  times  as  many  points  for  the  state  geodetic 
network  as  were  determined  in  1952-1958,  which  will  permit  a  radical 
change  in  the  geodetic  coverage  of  the  territoay  of  the  nation  by  the 
end  of  the  Seven-Year  Plan.  At  the  same  time,  the  plan  calls  for  fur¬ 
ther  increases  in  labor  productivity,  reduction  in  labor  costs,  and 
improyement  of  the  quality  of  geodetic  nets. 

Before  passing  on  to  a  discussion  of  the  individual  problems 
for  the  further  development  and  improvement  of  the  plans  and  programs 
for  the  construction  of  state  geodetic  nets,  we  shall  give  a  brief 
description  of  their  present  status  and  the  possibilities  which  must 
be  taken  into  accovint  in  the  forthcoming  projects. 

The  Astrogeodetic  Network  of  the  USSR 


The  foundation  for  the  development  of  the  modem  astrogeodetic 
network  of  the  USSR  was  laid  by  the  work  of  the  Corps  of  Military  Topo¬ 
graphers  in  1910.  This  very  important  event  was  preceded  by  a  critical 
analysis  of  first-order  triangulation  in  a  commission  of  the  Corps  of 
Military  Topographers  consisting  of  the  most  important  geodesists  of 
that  time:  V.  V.  Vitkovskiy,  N.  Ya.  Tsinger,  I.  I.  Pomerantsev,  N.  0. 
Shchetkin,  K.  V.  Sheringorst,  N.  D.  Artamonov,  F.  D.  Vltram,  and  others. 
The  commission  recognized  that  the  first-order  triangulation  established 
in  the  19th  centvuy  did  not  meet  the  requirements  of  proper  definition 
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of  geodetic  and  topographical  work  and  that  meastores  should  he  taken  to 
construct  a  new  first-order  triangulation  on  more  modern  principles, 
itfter  a  lengthy  discussion  in  1907  ®-ad  in  1910^  the  commission  recom¬ 
mended  that  new  projects  he  carried  out  to  develop  first-order  triangu¬ 
lation  in  a  systematic  manner  independent  of  the  old  projects^  hy  con¬ 
structing  strips  along  meridians  and  parallels  about  300  versts  apart . 
Bases  should  he  measured  at  junction  points  and  astronomical  latitudes, 
longitudes,  and  azimuths  should  he  deteimined. 

Work  on  the  Pulkovo-Wikolayev  strip  was  started  on  these  prin¬ 
ciples.  These  same  propositions  were  adopted  hy  the  Military  Topographi¬ 
cal  Administration  and  the  Higher  Geodetic  Administration  for  projects 
conducted  during  1923-1928. 

In  1928  F.  N.  Ki'asovskiy  suggested  a  new  plan  and  program  for 
first-order  triangulation  in  which  he  proved  convincingly  that  the 
polygons  should  he  decreased  to  8OO  kilometers  and  the  links  (with 
bases  and  Laplace  points  at  the  ends)  to  200  kilometers.  F.  K. 
Krasovskiy's  plan  had  the  piirpose  of  increasing  the  accuracy  of  first- 
order  triangjlation  and  to  improve  the  conditions  for  developing  and 
adjusting  lower-order  triangulation.  The  plan  and  program  established 
by  F.  W.  Kfasovskiy  were  adopted  hy  the  principal  geodetic  establish¬ 
ments  and  did  not  undergo  any  significant  changes  for  30  years. 

From  the  very  outset,  the  USSR  developed  first-order  triangula¬ 
tion  as  an  astrogeodetic  network  which  permitted  solving  not  only  the 
practical  hut  also  the  scientific  problems  of  hi^er  geodesy.  The 
presence  of  dual  Laplace  points  at  the  vertices  of  the  polygons  made 
it  possible  to  construct  links  of  chains  of  simple  triangles,  that  is, 
the  most  economical  form,  a  factor  of  great  importance  for  the  USSR. 

The  data  presented  indicate  that  the  astrogeodetic  net  of  the 
USSR  is  still  far  from  completion.  In  the  northern  and  eastern  regions 
it  is  represented  either  hy  strips  of  great  length  or  hy  enormous  poly¬ 
gons;  in  a  number  of  other  regions  it  is  represented  by  polygons  which 
are  smaller  hut  still  far  from  the  normal  size. 

The  construction  of  an  astrogeodetic  net  was  somewhat  retarded 
in  recent  years  due  to  the  diversion  of  personnel  to  work  on  the  develop¬ 
ment  of  second-  and  third-order  triangulation,  hut  measxires  were  t®^®^ 
in  1958  to  intensify  work  in  order  to  complete  construction  of  this 
astrogeodetic  net  over  the  entire  nation  in  the  next  7  years .  Astro- 
gravimetric  levelling  should  he  fulfilled  in  both  the  European  and 
Asiatic  parts  of  the  USSR  in  this  period. 

The  enormous  amount  of  material  which  will  he  collected  as  a 
result  of  these  projects  and  the  new  adjustment  of  the  astrogeodetic 
net  will  make  it  possible  to  solve  a  number  of  very  important  problems 
of  scientific  and  practical  significance. 

In  spite  of  the  fact  that  the  astrogeodetic  network  of  the  USSR 
was  constructed  over  the  course  of  maiy  decades,  it  is  a  homogeneous 
structurte  and,  with  some  rare  exceptions,  a  structure  of  high  reliabil¬ 
ity.  One  can  judge  this  by  errors  made  in  measuring  angles,  and  also 
hy  errors  of  clostire  of  azimuths  and  bases  in  the  links  of  the  astro¬ 
geodetic  net.  The  pertinent  data  are  presented  in  Table  1. 
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Year  of  Average  Average  Average  Error  Average  Error  Average  Error 

Execution  Number  Length  of  in  Measured  of  Clostire  of  of  Clofem’e 

of  Project  of  Points  Links  in  Angles,  Computed  Bases  (in  of  Azimuths 

in  Link  Kilometers  from  Closure  Sixth  Place 
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The  base  and  azimuthal  closing  errors  along  all  links,  with  the 
exception  of  six,  are  in  good  agreement  with  the  figures  given  above, 
which  are  determined  on  the  condition  that  angles  have  a  mean  square 
error  of  -  0".7j  the  final  sides  of  the  base  nets  1:350,000;  and  the 
dual  Laplace  azimuths  1  1".0  [see  following  Note]. 

[Note:]  A.  M.  Starostin  stated  in  his  article  "An  Investigation 
of  the  Accuracy  of  Determination  of  Laplace  Azimuths"  that  adjusted 
Laplace  azimuths  have  an  error  on  the  order  of  1,  — 1".8.  If  we  ac¬ 
cept  his  conclusions,  then  we  should  have  to  explain  the  azimuthal 
closing  errors  in  the  links  as  errors  in  the  Laplace  azimuths,  not  as 
errors  of  triangulation  angles.  In  arialyzing  azimuthal,  closing  errors, 
it  is  essential  to  bear  in  mind  that  measured  triangulation  angles 
contain,  in  addition  to  random  errors,  a  small  systematic  error  with  a 
minus  sign  caused  by  irregular  use  of  a  test  telescope  in  measiiring 
angles.  The  predominance  of  negative  closing  errors  in  triangles  in 
eastern  and  northern  links  is  probably  e3q)lained  by  this.) 

In  spite  of  the  fact  that  the  astrogeodetic  net  of  the  USSR  has 
not  been  completed  yet,  it  has  permitted  two  very  important  measures 
to  be  carried  out:  obtaining  the  dimensions  of  the  F.  N.  Krasovskiy 
reference  ellipsoid  which  is  accepted  in  the  USSR  and  other  socialist 
countries,  and  introducing  a  single  system  of  geodetic  coordinates  in 
many  regions  of  the  country. 

The  construction  of  the  astrogeodetic  network  is  the  result  of 
the  efforts  of  two  geodetic  agencies  -  the  Main  Administration  of 
Geodesy  and  Cartography  [see  Note  below]  and  the  Military  Topographical 
Administration.  Such  a  concentration  of  first-order  projects  created 
favorable  conditions  for  achieving  high  accuracy  in  geodetic  measure¬ 
ments. 

CiNote : ]  In  the  past :  the  Higher  Geodetic  Administration,  the 
Main  Geodetic  Committee,  the  Main  Geodetic  Administration,  the  Main 
Ift>’drogeological  and  Geodetic  Administration,  and  the  Main  Administra¬ 
tion  of  State  Maps  and  Cartograpi^ . ) 

Second-,  Third-,  and  Fourth- Order  Triangxilation 

One  can  divide  the  development  of  second-,  third-,  and  fourth- 
order  triangulation  into  three  periods  which  are  distinguished  from 
each  other  by  their  special  features. 

The  first  period  (1918-I936).  During  this  period  the  principal 
geodetic  establishments  of  the  nation  did  not  have  the  personnel  and 
funds  for  developing  lower-order  trl angulation.  At  the  same  time, 
especially  from  I929  to  1935 >  a  great  need  arose  for  geodetic  nets  to 
serve  as  a  basis  for  topographical  maps  for  agrlcvature,  also  to  meet 
the  needs  of  other  national  economic  measures  put  into  effect  to  imple¬ 
ment  the  plans  of  the  first  five-year  plans.  Under  these  circumstances, 
departmental  geodetic  projects  and,  in  particular,  the  projects  of  land 
exploitation  agencies  acquired  a  great  development. 
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The  almost  complete  lack  of  precision  instrxanents  for  measiiring 
angles  compelled  geodetic  organizations  to  use  theodolites  of  low 
accuracy.  As  a  consequence,  low-order  triangulation,  third-,  fourth-, 
and  even  fifth-order  triangulation,  1)003116  hi^ly  developed. 

The  development  of  second-,  third-,  and  fourth- order  triangula- 
tion  up  to  1937  can  be  sho\m  by  the  data  of  Table  2. 

TABLE  2 

Years  Orders  of  Triangulation 


Up  to 

1929 

2 

1852 

3 

3823 

4 

1625 

5 

1557 

Total 

8,907 

1929- 

1937 

9249 

45126 

20975 

31228 

106,578 

Total 

11101 

48949 

22650 

32785 

115,485 

Up  to 

1929 

GGU 

2280 

Which  Includes 
Narkomzem 

4225 

others 

2372 

1929- 

1937 

30643 

54257 

21678 

Total 

32923 

58512 

24050 

The  predominant  development  of  triangulation  of  lower  orders 
gave  rise  to  all  sorts  of  simplifications  in  geodetic  measurements.  The 
plan  for  developing  "filling-in"  triangulations  worked  out  l5rF.II. 
Krasovskiy,  even  though  adopted,  was  applied  almost  not  at  aU  in  prac¬ 
tice.  Moreover,  at  the  insistence  of  agencies  of  the  Narkomzem 
[Karodnyy  Kommissarlat  Zemledelya  —  People's  Commissariat  of  AgricifL-" 
ture],  the  Gosplan  of  the  USSR  approved  supplements  to  instructions  to 
the  GGU  [Glavnoye  Geodezicheskoye  Upravleniye  —  Main  Geodetic  Adminis¬ 
tration]  in  respect  to  second-order  triangulation  in  1930  and  instruc¬ 
tions  in  respect  to  third-order  triangulation  in  1930.  Eiese  instructions 
actually  excluded  in  practice  the  development  of  the  orders  of  triangula- 
tion  specified  by  F.  K.  Krasovskiy 's  plan. 

The  lack  of  a  firm  plan  for  constructing  second-  to  fourth- order, 
triangulation,  the  lack  of  coordination  in  work  methods,  and  unsatisfac¬ 
tory  marking  of  points  led  to  a  situation  in  which  the  enormous  networks 
established  prior  to  1937  rapidly  lost  their  significance.  In  this 
connection,  it  is  necessary  to  note  that  the  Geodetic  Committee  of  the 
Gosplan  which  had  existed  at  that  time  and  the  subsequent  Interdepart¬ 
mental  Geodetic  Council  did- almost  nothing  to  bring  the  necessary  order 
into  geodetic  projects. 
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The  second  period  (1938-19^7)*  During  this  period  the  construc¬ 
tion  of  ‘’filJlnglin’*"tYiin^  was  changed  for  the  better,  as  com¬ 
pared  with  the  preceding  period.  The  well-known  decree  of  the  govern¬ 
ment  of  15  June  1935  played  a  decisive  role  in  the  cause  of  nomalizing 
and  improving  geodetic  work.  It  was  pointed  out  in  this  decree  that 
"the  lack  of  an  agency  responsible  to  the ,  government  for  mapping  the 
USSR,  the  scattering  of  suiveying  and  cartographic^  projects  among  many 
departments  and  organizations,  and  the  lack  of  a  single  plan  of  survey¬ 
ing  and  cartographical  projects  do  not  correspond  to  the  interests  of 
the  state  and  do  not  meet  the  requirements  of  the  national  econoiiy.  ’ 

This  decree  established  the  Main  Administration  of  State  Surveying 
and  Cartography  which  was  made  responsible  not  only  for  the  development 
of  state  geodetic  nets,  but  also  for  supervision  over  the  work  of  depart¬ 
mental  organizations . 

Roirnialization  of  geodetic  projects  began  from  the  time  that  the 
new  agency  started  to  distribute  large  appropriations  from  the  state 
budget  for  the  development  of  geodetic  nets,  topographical  surveys,  and 
the  compilation  of  maps,  and  also  for  construction  and  equipment.  This 
made  it  possible  to  expand  the  construction  of  state  geodetic  nets  in^ 
a  short  time,  thus  markedly  decreasing  the  work  of  departmental  organi¬ 
zations  which  were  inadequately  prepared  for  such  work.  The  departmental 
geodetic  projects  which  remained  on  a  comparatively  small  level  at  this 
time  were  improved  by  the  measures  put  into  effect  by  the  state  geodetic 
supervisoiy  agencies..  In  1937  the  GUGSK  [Glavnoye  Upravleniye 
Gosudarstvennoy  S"yeinlci  i  Kartograffii  -  Main  Administration  of  State 
Surveying  and  Cartography]  put  the  instruction  into  force  on  the  con¬ 
struction  of  second-  to  fourth- order  triangulation  which  almost  wholly 
restored  F.  N.  Krasovskiy*s  plan;  it  was  also  adopted  as  the  basis- 
during  the  development  of  the  Fundamental  Propositions  of  1939* 
this  played  a  significant  role  in  the  cause  of  improving  the  geodetic 
networks • 

This  period  was  marked  by  the  development  of  dense  second- order 
nets  which  were  constructed  to  serve  as  a  basis  for  topographical  maps 
on  scales  of  1:25,000,  1:50,000,  and  1:100,000. 

The  quantitative  results  in  second-  to  fourth- order  networks 
were  smaller  than  those  achieved  in  the  preceding  period,  as  most  of 
the  personnel  of  the  geodetic  establishments  were  busy  fulfilling 
military  missions  during  World  War  II. 

The  plan  for  construction  of  state  geodetic  networks  adopted  in 
1939  possessed  important  shortcomings  in  spite  of  its  apparent  order¬ 
liness,  and  these  shortcomings  became  more  and  more  obvious  with  the 
passage  of  time.  Its  principal  shortcoming  was  the  fact  that  the  ■ 
objective  and  the  accuracy  of  the  state  geodetic  network  were  defined  ^ 
only  by  the  requirements  of  the  geodetic  basis  for  topographical  maps 
on  a  scale  of  1:10,000,  that  is,  the  requirements  of  cougar  at  ively 
small-scale  maps.  Such  a  restriction  of  the  service  role  of  the  state 
geodetic  network  led  to  the  necessity  of  constructing  departmental  nets 
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to  serve  as  a  basis  of  topographical  maps  on  larger  scales  and  to  solve 
various  types  of  engineering  problems.  For  this  reason,  large  geodetic 
nets  were  established  in  all  industrial  regions  which  were  not  connected 
among  themselves  nor  with  the  general  state  network. 

The  accuracy  of  measurements  in  state  nets  specified  in  the 
Fundamental  Propositions  of  1939  turned  out,  after  some  time,  to  be  in 
conflict  with  the  possibilities  which  came  to  light  in  geodetic  field 
work,  in  connection  with  improved  instruments  for  making  angular  and 
linear  measurements.  Without  any  justification  at  all,  a  low  accuracy 
of  angular  measurements  and  a  primitive  plan  for  network  construction 
were  specified  for  third-  and  fourth- order  triangulations.  A  disdain¬ 
ful  view  of  minor  networks  as  something  incomplete  and  temporary  was 
expressed  also  in  a  simplified  design  of  centers  for  stabilizing  points 
in  the  localities. 

The  third  period.  A  large  portion  of  the  shortcomings  which 
were  present  in  the  construction  of  geodetic  nets  were  eliminated  in 
39^8.  The  draft  of  the  new  fundamental  propositions  which  was  worked 
out,  then  the  Fundamental  Propositions  of  1954,  laid  the  foundation 
for  establishing  state  geodetic  nets  of  high  accuracy  which  would  make 
it  possible  to  solve  an  incomparably  wider  circle  of  geodetic  problems. 

The  different  features  of  the  new  second-,  third-,  and  fourth- 
order  nets  which  distinguish  them  from  the  nets  constructed  according 
to  the  Fimdamental  Propositions  of  I939  are  as  follows: 

1)  Primary  second- order  strips  are  missing; 

2)  An  increase  in  the  accuracy  of  angular  measurements:  in 
second-order  nets  -  down  to  3-”  [of  arc];  third  order  -  down  to  l"-5j 
and  fourth  order  -  down  to  2”. 

3)  Inproved  construction  of  fourth- order  triangulation; 

4)  Regulation  of  the  degree  of  development  of  networks  to  cor¬ 
respond  to  the  scales  of  topographical  maps; 

5)  The  sequence  of  development  of  networks  of  different  orders 
was  established. 

6)  The  obligatory  definition  of  orientation  points  for  tying- in 
detailed  geodetic  nets; 

7)  The  stabilization  of  points  in  the  field  by  centers  was 
markedly  improved. 

The  introduction  of  the  new  plan  and  program  into  practice  made 
it  possible  to  strengthen  the  position  of  the  state  geodetic  nets  and 
to  cariy  out  the  unification  essential  and  useful  in  geodetic  work. 

At  present,  almost  all  departmental  organizations  are  doing  triangula¬ 
tion  work  in  accordance  with  the  Fundamental  Propositions  of  1954. 

The  actual  accuracy  of  angular  measurements  in  second- order 
nets  is  characterized  by  an  error  of  t  0”.75  and  in  third-order  nets  - 
l^'.O;  only  in  individual  instances  have  these  errors  reached  ^  0”.69 
and  Z  1".3  respectively. 
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Beginning  in  1948^  second-  and  third- order  geodetic  networks 
have  been  constructed  to  serve  as  the  bases  for  topographical  maps  on 
scales  of  1:25,000  and  1:10,000,  and  this  has  determined  their  intensi¬ 
fied  development  in  mai^y  regions  of  the  country.  The  networks  which 
have  been  constructed  occupy  an  area  of  many  millions  of  square  kilo¬ 
meters.  This  area  will  be  almost  twice  as  large  when  the  plan  of  the 
geodetic  seven-year  period  is  fulfilled. 

There  are  grorinds  for  assuming  that  during  this  period  very 
large-scale  surveys  and  the  corresponding  geodetic  nets  will  also  under¬ 
go  marked  development.  One  may  judge  this  by  the  data  of  Table  3^ 
which  presents  the  volume  of  topographical  and  geodetic  projects  ful¬ 
filled  by  departmental  organizations  in  1957  £^<3.  1958  • 

In  addition,  it  is  necessarji-  to  take  into  account  that  the  Main 
Administration  of  Geodesy  and  Cartography  began  to  fulfill  surveys  on 
a  large  scale  and  to  construct  fourth-order  nets  in  1958* 

TABLE  3 


lypes  of  Project 

Unit  of 
Measurement 

Fulfilled, 

In  1957 

in  percent 
In  1958 

Second- order  triangulation 

Points 

100 

127.9 

Third- order  triangulation 

Points 

100 

123.3 

Fourth- order  triangulation 

Points 

100 

102.9 

Total 

100 

111.2 

Polygonometiy  with  an  accuracy 
of  1:25,000  Km 

100 

157.3 

Other  types  of  polygonometry 

Km 

100 

110.8 

Total 

100 

122.0 

Topographical  surveys 

On  a  scale  of  1:2,000  and 
larger 

Kia^ 

100 

107.3 

On  a  scale  of  1:5^000 

Km^ 

100 

134.1 

Total 

100 

125.2 
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The  Purpose  of  the  Astrogeodetj.c  Network 


When  the  astrogeodetlc  network  has  been  constiticted  over  the 
entire  territory  of  the  nation  and  adjusted  properly,  it  will  provide 
data  of  enormous  value  for  the  solution  of  the  scientific  problems  of 
hi^er  geodesy.  This  assertion  is  undisputable  and  obvious.  Its  role 
in  the  construction  of  the  state  geodetic  nets  has  become  something 
materially  different .  As  soon  as  the  accuracy  of  all  orders  of  tri¬ 
angulations  has  been  increased  several  times,  the  astrogeodetic  network 
will  not  be  regarded  as  the  chief  basis  for  all  subsequent  geodetic 
constructions.  One  may  be  convinced  of  this  upon  comparing  the  figures 
which  describe  the  accuracy  of  a  series  of  first-order  triangulations 
with  contemporary  second-order  triangulations.  (Computational  errors 
refer  to  nets  of  equilateral  triangles;  errors  in  initial  data  are 
neglected.) 


Error  in  sides 

Error  in  direction  angle 


First-Order  Strips 
1:162,000 
1  1".3 


Second- Order  Nets 
l:kl0,000 
1".0 


Error  in  position  of 
most  remote  point 


J  1.00  meters 


j;  0.35  meters 


As  may  be  seen  here,  second-order  triangulation  is  more  acciirate 
even  though  it  is  a  subsequent  construction. 

This  constitutes  the  contradiction  and  the  singularity  of  the 
state  geodetic  net  of  the  USSR.  Generally  speaking,  it  would  be  pos¬ 
sible  to  reject  the  construction  of  such  an  astrogeodetic  network  and 
construct  in  its  place  a  highly  accurate,  dense  net  which  woiild  make 
it  possible  to  solve  scientific  problems  and  which  would  serve  as  an 
adequate  basis  for  constructing  state  geodetic  nets.  In  this  case, 
however,  the  const3ruction  of  a  highly  accurate  astrogeodetic  network 
would  take  an  enormous  amoiint  of  time  during  which  special  systems  of 
coordinates  would  be  established  in  maiy  regions  of  the  country,  a 
situation  that  could  not  be  tolerated,  due  not  only  to  cartographical 
but  also  to  many  other  very  important  considerations.  In  order  rapidly 
to  cover  all  areas  of  the  USSR  under  a  single  system  of  geodetic  coor¬ 
dinates,  it  will  be  necessary  to  make  use  of  a  polygon-type  astrogeo¬ 
detic  net  as  the  most  suitable  and  the  most  accessible  construction. 

Second- order  triangulation  has  no  need  for  the  initial  long  sides 
of  first-order  triangulation,  since  the  basis  on  which  it  (second-order 
triangulation)  is  constanxcted  is  derived  from  the  far  greater  accuracy 
of  its  sides.  The  same  thing  can  be  said  of  its  orientation,  as  it  has 
Laplace  azimuths. 
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Thus  the  use  of  an  astrogeodetic  net  is  required  only  to  ensure 
the  unity  of  a  system  of  coordinates  in  second- order  tri angulation. 

This  problem  can  be  solved  if  points  at  the  vertices  of  the  polygons 
of  the  astrogeodetic  net  and  those  of  its  ordinary  points  which  are 
selected  as  a  result  of  stu<^  of  the  deformations  of  the  poljrgons  are 
defined  as  initial  (firm)  points  when  adjusting  second-order  networks. 

Such  a  selection  of  initial  points  will  permit  avoiding  significant 
distortions  in  second-order  nets  tied  in  with  a  single  coordinate  system. 

(The  reverses  which  have  occurred  in  adjusting  second-order  nets 
are  explained  chiefly  by  incorrect  selection  of  initial  data.  In  par¬ 
ticular,  firm  points  of  an  astrogeodetic  net  located  close  to  each  other 
but  still  belonging  to  different  systems  have  always  caused  large  cor¬ 
rections  in  measured  elements.  The  same  thing  occurs  when  second-order 
nets  are  adjusted  in  part  in  polygons  with  free  vertices  or  in  polygons 
which  are  not  compatible  for  joint  adjustment.  In  polygons  of  normal 
dimensions  adjusted  in  1942- 19^5 ^  the  errors  in  the  adjtisted  angles  of 
second-ox'der  triangulation  rarely  exceeded  t  1".3.) 

This  procedure  for  developing  geodetic  networks  must  be  applied 
until  the  construction  and  adjustment  of  a  highly  accurate  dense  net¬ 
work  over  the  entire  nation  or  over  large  parts  of  it  have  been  con^leted. 
[see  Note  below].  This  obviously  cannot  occur  in  less  than  15-20  years. 

to  this  time,  the  status  of  geodetic  nets  adjusted  in  polygons  of  the 
astrogeodetic  network  must  be  considered  temporary,  but  adequate  for 
solving  mar^  problems. 

([Note:]  It  is  obvious  that  when  adjusting  a  dense  network,  it 
will  be  necessary  to  make  use,  in  a  suitable  form,  of  a  transition  to 
the  lengths  and  azimuths  of  geodetic  lines  calculated  according  to 
elements  of  the  dense  net  in  order  to  form  a  system  of  large  triangles 
or  firmer  figures.  In  routine  adjustment  of  a  polygonal  astrogeodetic 
net,  it  will  be  necessarj’-  to  make  use  of  this  method  in  all  polygons 
in  which  second-order  triangulation  has  been  completed.  In  this  instance 
the  links  in  first-order  triangulation  will  have  to  be  tied  in  with 
second- order  nets.) 

The  ratio  of  accuracy  of  elements  of  first-  and  second- order 
triangulations  provides  groxmds  for  refusing  to  tie  second- order  nets 
to  sides  of  first-order  nets,  and  for  having  them  coincide  only  at 
points.  Such  a  procedure  for  control  will  make  it  possible  to  save 
significant  sums  on  the  construction  of  towers'  erected  at  first-order 
points. 

On  the  Completion  of  Projects  for  the  Construction  of  an  Astrogeodetic 
Network  for  the  USSR 


After  making  a  detailed  study  of  the  status  and  the  possiblities 
of  the  scientific  and  practical  applications  of  an  astrogeodetic  net¬ 
work  for  the  USSR,  the  commission  of  the  GUGK  and  the  VTU  adopted  a 
resolution  in  1957  concerning  its  further  construction  in  accordance  with 
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the  ItindajnentaL  Propositions  of  l$^h»  iiie  resolutions  of  the  Commission 
approved  hy  the  GUGK  and  the  VTU  were  published  in  the  journal 
Geodeziya  i  kartografiya  [Geodesy  and  Cartography]  (ifo.  11,  1957 )•  The 
only  thing  meriting  special  repetition  is  the  fact  that  the  Commission 
recognized  that  it  would  be  inexpedient  to  malte  radical  changes  in  the 
construction  of  the  astrogeodetic  net,  since  this  would  require  large 
expenditures  of  mon^,  labor,  and  time,  both  on  the  fulfillment  of  re¬ 
maining  work  and  the  revision  of  a  large  portion  of  the  work  already  ful¬ 
filled. 

Moreover,  in  the  interests  of  saving  money,  it  was  recognized  as 
necessazy  to  include  part  of  the  second-order  control  strips  in  the 
astrogeodetic  netvrork.  After  careful  analysis,  it  turned  out  to  be  pos¬ 
sible  to  make  use  of  about  l40  strips  with  a  length  of  not  less  than 
25,000  kilometers  for  this  purpose.  These  strips  are  characterized  by 
the  following  figures:  average  number  of  connecting  triangles,  15; 
length,  167  kilometers;  average  error  of  measured  angles  (error  of 
closure  of  the  triangles),  0”.92  (maximum  of  l".2);  average  error  of 
closzire  of  bases,  11.1  units  of  the  sixth  place  of  the  logarithm;  and 
average  error  of  closure  of  the  azimuth,  3* •7*  In  order  to  include 
such  strips  in  the  astrogeodetic  net,  it  was  necessary  to  define  addi¬ 
tional  base  sides  and  dual  Laplace  points  in  them,  after  taking  into 
consideration  the  special  characteristics  and  quality  of  the  measxire- 
ments  that  had  been  made. 

It  is  necessary  to  add  to  the  foregoing  that  in  a  number  of 
regions  it  is  possible  to  replace  strips  of  first-order  triangulation 
with  polygonometric  links  or  with  dense  nets  of  first-order  triangula¬ 
tion.  The  use  of  polygonometric  links  in  which  the  lengths  of  the 
sides  will  be  measured  with  optical  range  finders  will  provide  signifi¬ 
cant  econony  in  the  construction  of  high  towers  and  will  not  lower  the 
reliability  of  the  astrogeodetic  net.  Dense  nets  of  first-order  tri¬ 
angulation  with  sides  averaging  about  50  kilometers  which  can  be  con¬ 
structed  profitably  in  open  moimtainous  regions  will  make  it  possible, 
without  increasing  outlays  for  the  work,  to  obtain  a  net  of  higher 
quality  in  such  regions,  a  net  which  can  be  made  denser  with  notably 
smaller  difficulties  than  in  ordinary  polygons,  and  with  econony  of 
funds  on  coordinating  second-order  nets  with  the  astrogeodetic  net. 
Carrying  out  this  replacement  of  first-order  strips  should  be  regarded 
as  an  e:^edient  and  economically  advantageous  measure  in  the  forthcoming 
astrogeodetic  projects. 

On  the  Construction  of  State  Second-,  Third-,  and  Fourth- Order  Geodetic 
networks 

Modern  achievements  of  science  and  technology,  and  also  the 
generalization  of  work  experience  accumulated  by  the  geodetic  establish¬ 
ments,  permit  outlining  a  series  of  measures  for  the  further  improvement 
of  second-,  third-,  and  fourth-order  state  geodetic  networks. 
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Geodesists  should  now  take  into  account  the  appearance  of  new 
means  of  making  linear  measurements  in  the  form  of  precision  range 
finders  which  will  permit  measuring  long  distances  with  an  error  of 
1:200.000  to  1:300^000.  These  instruments  have  a  great  advantage  over 
the  basic  Jaderin  instruments  and  can  be  used  widely  in  the  construc¬ 
tion  of  state  geodetic  nets.  The  use  of  precision  range  finders  will 
permit  the  elimination  of  the  construction  of  base  nets  in  tri angula¬ 
tion  and,  in  many  cases,  to  pass  on  to  constructing  nets  of  the  poly- 
gonometric  type.  Likewise,  there  is  no  doubt  that  the  significance-  of 
electronic  Computers  in  geodetic  work  goes  far  beyond  the  bounds  of 
the  mere  mechanization  of  computational  work.  ^  extending  the  possi¬ 
bility  of  mathematical  processing  of  the  results  of  geodetic  measure¬ 
ments,  computers . are  creating  the  prerequisites  for  introducing  more 
highly  perfected  and  economical  forms  of  geodetic  constinictions  into 
geodetic  networks. 

The  introduction  of  precision  range  finders  and  electronic  coift- 
puters  into  geodetic  field  work  will  make  it  possible  to  increase  pro¬ 
ductivity,  reduce  the  cost  of  work,  and  markedly  to  raise  the  quality 
of  state  geodetic  nets. 

On  the  Density  of  the  Points  of  the  State  Geodetic  Net 

The  problem  of  the  density  of  points  in  the  state  geodetic  net 
required  to  serve  as  a  basis  for  maps  of  various  scales  and  for 
engineering  projects  is  one  of  the  most  important  problems  in  compiling 
programs.  Improper  definition  of  the  density  of  points  can  give  rise 
to  various  \anfavorable  consequences.  An  excessively  high  density  would 
require  enormous  expenditures  of  money  and  time  in  the  development  of 
the  state  geodetic  net  even  though  it  would  be  advantageous  for  subse¬ 
quent  topographical  and  geodetic  projects.  Insufficient  density  would 
not  be  advantageous,  because  there  would  always  be  great  difficulties 
in  the  development  of  bases  for  maps  and  other  detailed  geodetic  nets. 

In  the  first  approximation,  "normal^'  density  should  be  density  such 
that  regular  visibility  suitable  for  geodetic  measurements  exists  be¬ 
tween  adjacent  points.  (It  is  assiamed  here  that  the  towers  on  the 
points  are  of  sufficient  height.)  A  distance  somewhat  less  than  10 
kilometers  satisfies  this  condition  if  we  neglect  days  of  bad  weather 
and  days  with  fog  and  dense  smoke.  Such  a  distance  should  be  considered 
a  maximum  in  the  development  of  geodetic  nets  if  we  take  meteorological 
factors  into  acco\mt.  (With  distances  between  points  of  up  to  10  kilo¬ 
meters,  the  curvature  of  the  earth  almost  wholly  covers  the  height  of 
an  instrument  on  a  stand  and  the  height  of  a  simple  pyramid  or  siirveyor’s 
rod.)  However,  in  the  final  establishment  of  average  distances  between 
points,  one  must  start  with,  determining  how  well  the  initial  network 
meets  the  necessary  accuracy  for  nets  of  subsequent  development.  The 
wide  use  of  analytic  networks  with  polygonometiy  along  with  accurate 
range  finders  for  the  development  of  mapping  nets  and  special-purpose 
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nets  will  permit  some  reduction  in  the  density  of  the  points  of  the 
state  geodetic  net  while  topographical  maps  are  compiled  according  to 
standards  established  by  present  instructions. 

Being  guided  by  these  considerations,  one  can  adopt  the  follow- 
ing  approximate  standards  for  the  density  of  points  for  maps  of  various 
scales . 

For  maps  on  a  scale  of  1:25,000  or  1:10,000,  the  distance  be¬ 
tween  points  of  the  state  geodetic  network  should  be,  on  the  average, 
7-9  kilometers,  or  approximately  one  point  per  5&”60  square  kilometers. 
Such  density  of  points  is  adequate  for  maps  on  a  scale  of  1:25,000  or 
1:10,000,  both  for  defining  the  planned  coordinates  of  the  points  on 
the  mapping  net  as  well  as  for  trigonometric  levelling,  which  is  widely 
used  in  field-edit  surveying  of  aerial  photographs.  This  same  density 
can  satisfy  the  needs  of  geologists  at  certain  stages  of  geological 
prospecting  and  geophysical  work  and  many  other  consumers. 

The  average  distances  between  points  of  the  state  geodetic  net 
when  maps  are  to  be  made  on  a  scale  of  1:5000  should  be  limited  to  5-6 
kilometers,  which  will  correspond  to  the  standard  of  one  point  per  20- 
30  square  kilometers. 

When  maps  are  to  be  made  on  a  scale  of  1:2000  and  larger,  the 
density  of  points  of  the  state  geodetic  network  must  be  established  in 
accordance  with  the  content  and  the  accuracy  of  prospective  topographi¬ 
cal  and  geodetic  projects.  If  the  accuracy  and  degree  of  development 
of  the  mapping  nets  are  needed  not  only  for  the  compilation  of  plans 
on  these  scales,  but  also  for  the  solution  of . Complex  engineering  and 
technical  problems,  then  the  density  of  points  of  the  state  geodetical 
net  shoiild  be  brou^t  to  the  standard  of  one  point  per  5-7  square  kilo¬ 
meters.  In  H.n  other  cases  the  density  can  be  reduced  to  one  point 
per  10-15  square  kilometers  for  such  maps. 

These  standards  of  density  define  the  limits  of  the  development 
of  the  state  geodetic  networks  corresponding  to  the  requirements  set 
for  maps  of  a  given  scale.  The  density  of  points  of  the  state  geodetic 
network  for  maps  on  scales  of  1:5000,  1:2000,  and  larger  should  also 
be  reduced  in  order  that  the  further  development  of  geodetic  bases 
should  be  better  adapted  to  the  solution  of  Impending  concrete  tasks. 
The  regulation  of  such  nets  should  be  worked  put  in  detail  on  the 
basis  of  pertinent  instructions  and  after  taking  into  aecotmt  the 
specific  requirements  of  impending  engineering  and  technical  projects. 

It  is  wholly  \mderstandable  that  such  standards  of  density 
should  not  be  extended  to  regions  of  impassable  bogs ,  flooded  river 
lowlands  and  sea  coasts,  or  zones  covered  with  perpetual  snow.  In  such 
regions  it  is  essential  to  plan  a  network  of  minimum  density  and  to 
construct  more  detailed  bases  for  maps,  when  necessary,  with  local  con¬ 
ditions  taken  into  account . 

The  planned  reduction  in  the  standard  of  density  of  points  of 
the  state  geodetic  network  will  make  it  possible  to  save  large  sums  on 
geodetic  projects. 
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The  Procedure  for  the  Development  of  State  Geodetic  Networks 

As  is  well  knownj  the  state  geodetic  network  is  now  being  con¬ 
structed  with  subdivisions  into  fov.r  orders:  the  first  order  -  the 
astrogeodetic  net;  the  second  and  third  orders  -  to  serve  as  bases  for 
maps  on  scales  of  1:25,000  and  1:10,000;  and  the  fourth  order  -  to  • 
serve  as  a  base  for  maps  on  scales  of  1:5000,  1:2000,  and  larger.  It 
is  not  difficult  to  see  that  the  accepted  procedure  for  network  develop¬ 
ment  does  not  agree  to  the  necessary  extent  with  the  stages  of  large- 
scale  cartography.  Second-  md  third—  order  networks  constitute  the 
chief  geodetic  bases  for  maps  with  scales  of  1:25,000  and  1:10,000 
while  oiiLy  fourth-order  nets  are  used  for  developing  the  networks  of 
points  essential  for  maps  on  scales  of  1:5,000  and  1:1,000.  Such  a 
proced:u‘e  for  developing  networks  creates  definite  difficulties  in 
organizing  geodetic  projects,  increases  their  costs  somewhat,  and  re¬ 
peated  use  of  a  network  of  the  same  order  gives  rise  to  great  inconven¬ 
iences  in  computing  adjustments. 

These  shortcomings  will  not  occur  if  there  is  Just  one  definite 
order  of  the  state  geodetic  network  for  each  stage  of  cartography . 
Starting  from  this  basis,  it  will  be  ejqpedient  to  construct  only  second- 
order  nets  for  maps  on  scales  of  1:25,000  and  1:10,000;  third-order  nets 
for  maps  on  a  scale  of  1:5,000;  and  fourth-order  nets  for  maps  on  scales 
of  1:2,000  and  larger.  Then  the  following  basic  cases  in  the  construc¬ 
tion  of  state  geodetic  networks  will  be  encomatered  in  geodetic  practice. 

First  case.  When  the  scale  of  cartography  is  increased  at  dif¬ 
ferent  times  from  smaJJLer  to  larger  scales,  from  1:25,000  to  1:2,000 
and  larger,  the  second- order  net  is  densified  progressively:  a  third- 
order  net  is  used  for  maps  on  a  scale  of  1:5,000,  then  a  fourth- order 
is  constructed. 

Second  case.  If  mapping  on  a  scale  of  1:25,000  based  on  a 
second- order  net  is  followed  by  mapping  on  a  scale  of  1:2,000  (and 
larger),  the  second-order  net  is  densified  only  by  a  fourth-order  net, 
skipping  the  third- order  net. 

Third  case.  Maps  are  made  on  a  scale  of  1:2,000  (and  larger) 
before  a  second-order  net  has  been  constructed.  In  this  case,  only  a 
fourth-order  net  is  constructed  for  maps  on  scales  of  1:2,000  and 
larger  which  will  be  included  in  the  hi^er- order  net  when  it  is 
actually  constructed. 

Fourth  order.  Maps  on  scales  of  1:2,000  or  larger  are  to  be  made 
after  a  third-class  net  has  been  constructed  for  mapping  on  a  scale  of 
1:5,000.  In  this  case  the  third-order  net  is  densified  to  a  fourth- 
order  net.  When  an  adjacent  region  is  to  be  mapped  on  a  scale  of 
1:25,000  (or  1:10,000),  the  previously  constnicted  third-  and  fourth- 
order  nets  will  be  included  in  the  second-order  net.  (inclusion  of  nets 
should  be  accomplished  either  by  coincidence  of  points  of  the  second 
order  with  those  of  the  third  or  fourth  order,  or  by  calculating  the 
necessary  connections  from  third-  or  fourth- order  nets.) 
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It  is  obvious  that  the  second  and  the  fourth  cases  will  be  en¬ 
countered  most  frequently  in  mapping  city  areas.  It  should  be  noted 
that  the  existing  practice  of  establishing  a  multi-order  ruling  geodetic 
basis  in  cities,  is  not  well  founded  and  should  be  re-examined.  Unfor- 
tvinately,  the  rou^  draft  of  the  instructions  now  being  worked  out  by 
the  Mosgorgeotrest  again  provides  for  the  construction  of  multi- order 
networks. 

With  the  proper  accuracy  of  the  lower- order  nets,  it  seems  to 
us  that  the  procedure  we  have  suggested  here  for  developing  state  geo¬ 
detic  nets  is  more  ejipedient  than,  that  which  has  been  accepted  up  to  the 
present  time,  (if,  according  to  the  accepted  standard,  five  to  seven 
points  of  a  state  geodetic  net  are  required  for  mapping  on  a  given 
scale,  then  such  mapping  can  be  done  on  the  proper  map  basis.) 

As  is  obvious  here,  the  construction  of  state  nets  can  be  accom¬ 
plished  on  the  principle  of  "going  from  the  general  to  the  specific, " 
which  will  be  the  ruling  principle,  as  well  as  on  the  principle  of 
"going  from  the  specific  to  the  general.," 

The  construction  of  a  second-order  net  with  sides  averaging  7-9 
kilometers  does  change  the  accepted  scheme  for  developing  geodetic  net¬ 
works  but  does  not  involve. ary  unfavorable  consequences  at  all.  With 
proper  displacements  of  the  base  sides  and  Laplace  points,  the  accuracy 
of  the  length  of  the  sides  and  the  direction  angles  in  such  a  second- 
order  net  will  not  be  lower  than  in  second-order  nets  with  longer  sides. 
This  conclusion  is  possible  without  complicated  calculations.  Reducing 
the  length  of  the  sides  in  a  second- order  net  will  mean  only  that  angu¬ 
lar  and  linear  measurements  will  depend  less  upon  atmospheric  factors, 
recognition  will  be  considerably  simpler,  and  distribution  of  the  points 
of  a  net  will  be  more  uniform.  In  this  instance  it  will  be  possible  to 
make  some  savings  in  the  construction  of  towers,  which  can  be  judged  on 
the  basis  of  the  data  presented  in  Table  4,  which  were  compiled  from 
material  taken  from  networks  constructed  in  nine  areas  of  different 
regions  of  the  USSR.  (The  figures  for  Table  4  were  taken  from  existing 
networks  in  order  to  avoid  a  subjective  approach  in  evaluating  expected 
savings.) 
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TABLE  4 

Kmljer  Average  Height 

of  of  Tcwers  of 

Section  Second-  and 

Third- Order 
Hets^  in 

Meters 

.  Average  Height 
of  Towers  of 
Third- Order 

Nets  Only,  in 
Meters  (Average 
Number  of 
Directions  4) 

Average  Height 
of  Towers  of  a 
Dense  Second-  . 
Order  Net 
with  Length  of 
Sides  of  7-9 
Meters 

Difference 
of  4—2, 
in  Meters 

1 

18.6 

l6.4 

17.6 

-1.0 

2 

15.1 

14.2  \ 

13.7 

-1.4 

3 

4.6 

2.7  : 

3.3 

-1.3 

4  ■ 

28.6 

26.1 

27.2 

-1.4 

5 

24.1 

23.4  • 

23.5 

-0.6 

6 

30.1 

28.4 

'29.4 

-0.7 

7 

h.5 

4.3 

5.5 

+1.0 

8 

23.5 

22.6 

23.6 

+0.1 

9 

2.8 

2.3 

2.5 

-0.3 

Figures  on  the  reduction  in  average  heights  of  towers 

in  second- 

order  nets  with  sides  of  7-9  kilometers  are  given  in  col-umn  5  of  Table 
4.  As  may  be  seen  here^  the  reduction  in  the  height  of  the  tovers  is 
markedly  less  than  the  reduction  obtained  by  K.  L*  I^bvorov,  but  it  is 
still  significant  and  should  not  be  neglected.  ^ 

The  transition  to  the  construction  of  second- order  nets  with 
shorter  sides  should  be  regarded  as  a  useful  measure  vhich  will  facili¬ 
tate  the  execution  of  geodetic  projects.  Adjusting  the  net  in  a  polygon 
consisting  of  700-800  points  should  not  cause  special  difficulties, 
since  the  methods  worked  out  for  c^culating  adjustments  on  electronic 
machines  permit  the  adjustment  of  very  large  networks. 

The  Accurac^?^  of  Measurements  in  the  State  Geodetic  Network 

The  experience  gained  in  geodetic  projects  in  the  last  10  years 
proves  that  by  using  high-precision  instruments  of  Soviet  manufacture, 
Soviet  geodesists  are  maintaining  a  higher  level  of  accuracy  in  measure^ 
ments  in  the  state  geodetic  nets  than  that  specified  in  the  instructions. 
This  proves  that  the  principle  laid  down  in  developing;  the  Fundamental 
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Propositions  of  195^  —  " . . .to  make  geodetic  measiarements  with  the 
maximum  accuracy  attainable  in  mass  projects"  --  has  ttirned  out  to  be 
correct,  as  confirmed  in  the  practical  work  of  thousands  of  geodesists. 

Large  asnounts  of  data  on  angular  measurements  collected  over 
recent  years  make  it  possible  to  establish  the  following  mean  square 
errors  in  the  instructions  when  measuring  angles:  in  the  astrogeodetic 
net  about  t  0'.5>  in  second-order  nets  i  O' .8,  and  in  third-  and  fourth- 
order  nets  t  1".0.  The  error  in  the  length  of  the  base  sides  in  net¬ 
works  of  all  orders  can  be  specified  as  no  greater  than  1:400,000,  and 
that  of  ordinary  sides  in  the  networks  as  1:200,000.  These  standards 
in  the  accuracy  of  angular  and  linear  measurements  must  be  accepted  in 
future  work  in  order  that  the  large  tolerances  stated  in  the  instruc¬ 
tions  may  not  haa^jer  further  improvement  of  the  quality  of  geodetic 
networks.  Priority  must  be  given  to  revision  of  the  tolerances  for 
angular  measurements  in  third-  and  fourth-order  nets  which  were  improp¬ 
erly  established  and  which  are  so  low  that  they  are  readily  fulfilled 
even  with  gross  violations  of  procedural  rules  and  when  work  is  done 
under  unfavorable  weather  conditions . 

In  determining  Laplace  points,  it  is  essential  to  adopt  measures 
to  increase  the  accuracy  of  astronomical  azimuths  to  1"  1".0,  thus  ensTjr- 
ing  an  error  in  the  dual  Laplace  azimuth  on  the  order  of  0".7  - 

i  0."8. 

Hi^  accuracy  in  measiorements  in  state  geodetic  networks  is 
also  necessary  in  order  to  compensate  for  weak  areas  in  the  construction 
of  nets  which  have  to  be  tolerated  on  account  of  a  number  of  serious 
considerations . 

A  Plan  for  the  Construction  of  Seconds,  Third-,  and  Fourth- Order  Networks 

As  is  well  known,  the  accuracy  of  the  adjusted  elements  in  a 
geodetic  network  depends  to  a  great  extent  on  the  scheme  of  its  con¬ 
struction.  In  order  to  establish  a  highly  accurate  geodetic  network, 
it  is  essential  to  ens\rre  not  only  high  accuracy  in  making  measurements, 
but  also  to  make  decisions  in  designing  the  scheme  such  that  resulting • 
geometric  conditions  can  have  a  favorable  Influence  on  raising  the 
acc\iracy  of  the  length  of  the  sides,  the  direction  angles,  and  the  coor- 
dinatea^  of  the  points.  This  condition  is  satisfied  by  dense  nets,  a 
particu|l.ar  exauple  of  which  is  present-day  second-order  triangulation. 

The  adv^tages  of  second-order  triangulation  are  very  important,  which 
provides  grounds  for  maintaining  it  in  future  projects. 

Third-  and  fourth- order  triangulations  should  be  constructed  in 
the  form  of  dense  nets,  irrespective  of  whether  they  are  independent 
or  are  included  in  a  net  of  higher  order.  It  is  essential  to  make  this 
remark,  because  the  insertion  of  unified  third-  and  fourth-order  points 
is  not  always  ensured  by  a  firm  connection  of  these  points  with  higher- 
order  points  and,  as  a  rule,  does  not  provide  for  connections  with 
adjacent  points  of  the  same  order. 
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In  onr  opinion,  the  condition  of  density  of  a  net  should  be 
observed  even  T/hen  the  state  geodetic  net  is  constructed  in  polygon 
form.  In  connection  with  the  appearance  of  precision  range  finders, 
such  construction  should  occupy  a  suitable  place.  As  applied  to  nets 
of  the  polygonometric  type,  the  condition  of  density  should  be  formu¬ 
lated  in  the  form  of  requiring  that  every  determined  point  be  tied  in 
with  the  nearest  nei^boring  points.  This  requirement  usually  requires 
the  construction  of  nets  in  the  form  of  rectangles  in  which  all  angles 
and  sides  should  be  measured. 

In  order  to  evaluate  the  relative  merits  of  geodetic  netvrorks  of 
different  constructions,  let  us  present  the  res;alts  of  calculations 
made  by  the  Central  Computational  Section  of  the  GUGK  vinder  the  guidance 
of  D.  A.  Larin  and  A.  A.  Pchelina. 

The  mean  square  errors  in  the  lengths  of  sides,  direction 
angles,  and  the  positions  of  points  wei-e  comptited  for  the  nets  shown 
in  Figures  1,  2,  3,  3,  and  6.  (The  net  shown  in  Figiare  1  is  gonio- 

metric;  that  sho-vm  in  Figure  2  is  anaUactic  (without  measurement  of 
angles);  and  those  in  Figures  3^  5^  and  6  are  polygonometric.)  The 

following  assumptions  were  accepted  in  these  calcxilations:  length  of 
the  sides  s  =  12,500  meters,  the  error  in  the  meas\ired  angle  m  =  ^  0".9> 
the  error  in  meas\aring  length  of  the  sides  %  _  p.gco  000^ 

■  s 

error  in  the  initial  data  equal  to  zero. 

.  The  resxalts  of  the  computations,  as  presented  in  Table  3)  make 
it  possible  to  draw  some  very  important  conclusions,  (in  actual  nets 
the  elementary  figures  differ  considerably  from  the  most  advantageous 
forms,  therefore  the  errors  in  e].ements  of  a  net  will  be  somewhat 
greater  than  those  indicated  in  Table  5 • ) 


TABLE  5 


SIM'WRY  OF  MEAN  SQUASE  ERRORS  IN  THE  POSITIONS  OF  POINTS, 
LENGTHS  OF  SIDES,  AND  DIRECTION  ANGLES 


Number 

of 

Figures 

Number 

of 

Points 
in  Net 

Mean  Square 
No  1  No  2 

Error  in  Position  of  Points  (in  Meters) 
No  3  No  4  No  5  No  6  No  7  No  8 

Fig.  1 

232 

0.09  0.16 

0.20  0.24 

0.28  0.32 

0.35  0.37 

Fig.  2 

232 

0.16  0.23 

0.33  0.42 

0.51  0.62 

0.70  0.58 

Fig.  3 

289 

0.08  0.l4 

0.18  0.26 

0.31  0.35 

0.39  0.37 

Fig.  If 

289 

0.10  0.14 

0.19  0.26 

0.30  0.35 

0.4o 

Fig.  5 

81 

0.12  0.19 

0.29  0.35 

- 

- 

Fig.  6 

81 

0.16  0.28 

0.37  0.44 

- 

Mean  Square 

I 

Error  of  Lengths  of  Sides  in  Meters  and 
of  Direction  Angles 

II  III  IV 

Fig.  1 

0.03  0".6 

0.03  0".6 

0.03  o".5 

0.06  1".0 

Fig.  2 

0.05  1.2 

0.05  1.2 

0.05  1.1 

0.05  1.5 

Fig.  3 

o.o4  0.5 

0.03  0.5 

0.03  0.5 

o.o4  0.7 

Fig.  4 

0.04  0.6 

0.04  0.5 

o.o4  0.5 

- 

Fig.  5 

0.07  1.6 

- 

0.07  1.6 

- 

Fig.  6 

0.11  1.9 

0.15  2.2 

0.11  1.9 

Remarks:  The  errors  in  lengths  and  direction  angles  in  net¬ 
works  shown  in  Figures  5  siid  6  refer  to  the  case  in  which  corresponding 
points  were  not  connected  by  direct  measurements. 
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1.  In  the  goniometric  net  (Figure  l)  the  errors  of  length  of 

sides  and  the  directional  angles  are  practically  identical  in  ell  parts 
of  the  net  (m  =  +  0.03  meters,  moC  =  i  O' .6)  and  grow  approximately 
1.5  *tjLiiies  only  on  the  edge*  The  error  in  the  position  of  a  point  t^exi 
at  maxiiiiuin  distance  from  the.  Initial  point  (at  Point  Ko  7)  ^  -  0*35 

mf^ters « 

2.  In  the  anal-lactic  net  (Figure  ,  2)  the  errors  of  the  lengths 
of  sides  turned  out  to  he  identical  in  all  parts  of  the  net  (mg  =  0.05 
meters),  the  error  of  the  direction  angles  approximately  twice  that  of 
the  goniometric  net  (moc  =  i  1".2),  the  error  in  the  position  of  tne 
most  remote  point  (Point  Ko.  7)  twice  that  of  the  goniometric  net 

(nip  =  +  0.7  meters). 

”3.  In  the  polj'’gonometflc  net  of  Figure  3^  the  errors  of  the 
lengths  of  the  sides,  the  direction  angles,  and  the  coordinates  of  the 
points  agreed  almost  wholly  with  the  errors  of  the  goniometric  net 
(mg  =  t  0.03  meters,  m<:<  =1  O' .5,  and  the  position  of  the  point 
m  =  j"  0.39  meters). 

^  4.  In  the  polygonometric  net  of  Figure  4,  the  errors  in  the 

lengths  and  direction  angles  of  the  sides  connecting  the  node  points 
were  equal  to  mg  =  +  0.04  meters  and  mo<,=  i  O'. 7/  respectively.  The 
errors  in  the  corrdinates  of  the  node  points  were  found  to  be  almost 
the  same  as  those  in  the  net  shown  in  Figure  3 • 

5.  In  the  polygonometric  nets  of  Figures  5  and  6,  the  errors 
in  the  distances  and  the  direction  angles  between  unconnected  points 
were  several  times  greater  than  those  between  points  which  were  di¬ 
rectly  connected  geodetic  ally.  In  the  net.  shown  in  Figure  5^ 
mo  =  ^  0.07  meters,  m  =  i  l'\6;  in  the  net  shown  in  Figure  6 
mg  =  +  0.11-0.15  meters,  and  mc<=  1  1".9-^  2". 2.  The  errors  in  the 
position  of  the  free  vertices  were  almost  twice  those  of  the  errors 
in  the  node  points. 

The  general  conclusion  is  that  polygonometric al  constructions 
with  free  vertices  (that  is,  vertices  which  have  only  two  ties  each) 
are  less  accurate  than  goniometric,  anallactic,  and  polygonometric al 
nets  with  vertices  that  are  not  fi-ee.  The  nets  shown  in  Figures  1 
and  3  bad  the  highest  accuracy. 

Several  works  on  the  problem  of  the  scheme  for  the  construction 
of  polygonometrical  nets  have  appeared  in  the  last  3  years  which  have 
expressed  different  viewpoints.  In  particular,  one  may  point  to  the 
suggestions  made  by  V.  A.  Velichko  and  I.  I.  Entln.  (V.  A.  Velichko, 
"Geodesy  and  Aerial  Photograply, "  Izvestlya  vysshikh  uchebrykh  zavedeniy 
Ko.  2,  1957;  I.  I.  Entin,  Geodeziya  i  kartografiya,  Ko.  6,  1959 •)  The  . 
basic  shortcoming  of  the  schemes  suggested  by  V.  A.  Velichko  and  I.  I. 
Entin  (Figures  7,  8,  and  9)  is  that  they  permit  the  construction  of 
polygons  in  a  net  with  a  large  number  of  free  vertices.  As  a  conse¬ 
quence,  the  inclusion  of  subsidiary  points  (third-order  points)  with 
polygonometric  traverses  or  linear- angular  intersections  will  be  accom.- 
panied  with  a  marked  drop  in  the  accuracy  of  the  net.  The  spie  thing 
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■will  also  take  place  with  the  inclusion  of  fourth-order  points.  Accord¬ 
ing  to  approximate  calcilations,  the  nets  shown  in  Figures  7^  9 

will  not  have  the  required  consistency  in  spite  of  the  hi^  accuracy  of 
lengths  and  direction  angles  hetween  points  connected  with  geodetic 
measvirements . 

Kie  calctlations  which  have  been  made  of  the  considerations 
stated  here  permit  recommendihg  the  construction  of  a  state  geodetic 
net  of  the  second  order  approximately  like  that  show  in  Figures  10 
and  11,  and  nets  of  the  third-  and  fourth- orders  like  those  of  Figures 
12  and  13 . 

If  we  set  up  the  condition  that  errors  in  the  lengths  of  the 
sides  and  the  direction  angles  in  a  dense  goniometric  second-order  net 
shoild  be  approximately  the  same  in  all  its  parts,  then  to  achieve  this 
purpose  it  is  essential  that  the  bases  be  not  more  than  75  kilometers 
apart  and  that  the  Laplace  azimuths  be  not  more  than  100  kilometers 
apart,  (in  independent  third-  and  fourths order  nets,  the  bases  should 
be  located  about  every  20  triangles;  Laplace  azimuths  are  not  reqtiired 
for  these  nets . )  .  In  a  polygonometric  net  the  Laplace  azimuths  should 
be  the  same  distance  apart  as  in  a  goniometric  net.  (The  number  of 
Laplace  points  in  the  state  geodetic  net  has  increased  almost  double, 
which  makes  it  possible  to  conduct  a  more  detailed  study  of  the  shape 
of  the  earth.) 

It  is  not  difficult  to  see  that  a  normally  developed  state  geo¬ 
detic  network  will  ensure  a  relative  error  close  to  1:200,000  in  the 
sides,  that  is,  not  greater  than  2  centimeters  with  distances  of  3-^ 
kilometers  between  points  in  a  fourth-order  net.  With  such  an  error  in 
the  original  net  and  with  a  proper  approach  to  the  detailed  control, 
one  cannot  only  establish  maps  of  any  scale.  Including  even  those  on  a 
scale  of  1:500,  but  even  constiuct  nets  for  sol'ving  margr  engineering 
and  technical  problems. 

Qlie  construction  of  state  geodetic  nets  in  a  polygonometric 
form  is  a  new  procedure  which  requires  careful  examination  of  tnany 
problems  of  theory  and  practice  in  order  to  avoid  material  errors  from 
the  very  outset . 

The  new  geodetic  technology  and  new  forms  of  geodetic  construc¬ 
tions  are  making  it  possible  to  select  in  any  region  that  method  for 
constructing  a  geodetic  net  which  will  yield  the  best  economic  effect. 

In  this  connection,  the  planning  of  geodetic  networks  should  include 
the  clarification  of  technical  and  econondc  indexes  essential  for  the 
final  selection  of  the  type  of  net  as  an  obligatory  stage. 

*  *  * 

Motes .  The  first  note  is  in  regard  to  the  naming  of  orders  of 
a  geodetic  net.  It  seems  to  us  that  second-order  nets  fulfill  the  role 
of  first-order  nets  in  form  and  fact,  and  thus  shoiold  be  called  firs-t- 
order  nets.  It  is  true  that  the  facts  remain  unchanged,  but  the  use  of 
the  pre'vlous  name  deprecates  the  role  and  the  purpose  of  second- order 
nets.  If  the  new  name  for  second- order  nets  is  accepted,  then  the 
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remaining  nets  vill  be  called  second-  and  third- order  nets.  In  this 
case  a  first-order  network  could  be  called  an  astrogeodetic  network. 

The  second  note  is  in  regard  to  the  accuracy  of  geodetic  nets. 

At  times  one  hears  discussions  to  the  effect  that  geodesists  strive  in 
vain  to  construct  highly  accurate  state  geodetic  nets^  since  their 
accuracy  is  now  used  in  fiill  in  practice.  It  is  difficult  to  agree 
with  such  viewpoints.  If  the  distance  between  two  points  of  the  net 
is  characterized  by  a  mean  square  error  on  the  order  of  1:200,000^  then 
one  must  admit  at  the  same  time  that  this  error  can  reach  1:70^000  and 
even  greater  in  some  part.  It  is  not  difficult  to  see  that  such  a  net 
would  scarcely  ensure  the  normal  inclusion  of  a  polygonometrical 
traverse  4  kilometers  long  for  which  the  relative  error  has  been  speci¬ 
fied  to  be  on  the  order  of  1:25^000.  Using  modern  means  for  making 
measurements  and  applying  the  most  modem  forms  of  construction  of 
state  networks^  geodesists  are^  on  the  whole^  approaching  such  quali¬ 
tative  standards  which  have  been  set  as  things  which  are  not  only  not 
excessive  but  necessary.  It  is  obvious  that  future  practice  will  re¬ 
quire  further  increases  in  the  accuracy  of  state  geodetic  nets.  Geo¬ 
desists  of  the  older  generation  know  how  the  requirements  have  changed 
in  respect  to  geodetic  networks  and  it  is  difficult  to  imagine  that 
these  requirements  will  become  less  strict  in  the  near  future. 

Under  these  circumstances  it  is  Impossible  to  refuse  to  make 
use  of  the  achievements  of  geodetic  science  and  technology  for  improv¬ 
ing  geodetic  networks. 

Of  course^  the  foregoing  considerations  are  of  preliminary 
nature  and  they  are  subject like  many  other  suggestions^  to  careftol 
study  before  work  is  started  on  the  compilation  of  supplements  to  and 
changes  in  the  Fundamental  Propositions  of  195^* 
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O  j-^4  PorGxs  tor  vhich  tiie  errors  in  eoordinnrbeo  haye  been 

*1  bicLes  for  wxich  the  errors  j.:a  the  lengths  and  direc-« 
tion  singF.es  ha\^e  been  ca]..cnjated. 

La^ur-ce  asiirruths  _ _ 
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are  the  saiae  as  those  of  Figure  1 


FxgU3:"e  2^ 


i’lg^xre 


^'J  SecoiiQ. order  pcirts 


L?^.t)iB.ee  azliiiuth 


G  K£  ?o5nts  for  ■'•riiicii  the  errors  in  coordinates  hayc  'bee; 
eaic  a},  at  eel. 

-  -  KLacea  iu  vliica  the  errors  In  the  distances  'between 
points  and  errors  In  the  directions  angl.es  have  bee 
calcitlated- 
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Jlgure  5 

O  node  pointo  of  the  second  ordex 
f  Orojitury  poilnto  of  the  second  order 
Lapli.ene  aEi-iaat^htf 

H2  Points  for  ■which  errors  in  the  cioordinabeB  harve  been 
<D  calcalaced 

Places  la  wlaeh  the  errors  :ln,  distaaoes  between  points 
^nd  tne  errors  in  directioii  aiigleE  have  been  calculated 


I'Mgurt  7 

Kode  points  of  the  second  order 

Ordlnai;y  points  of  the  second  order 

Points  cf  the  third  order  ohtai.rj.ed  from  traverses 
or  intersections  4 
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Figure  9 

’  Strips  o;^  the  first  order 

Base  strips  of  the  second  order 

p-r  Second- order  'j;>oints  dcter/jOlned  i'rom.  pohygcnetrlc 
l.*_j  tra-varses 


IMi-d-order  points  iiroBi  intersections  deteitdlned  fron 
second-order  points. 
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Kigirre  11 

m  First-order  points  Laplace  a^iitruths 

«  Seeord-order  points 


kli. 
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Piif^ure  13 

Secoi:id“ order  points 
Third- order  points 
Fourth- order  point s 
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IV.  TEE  FUTURE  PLM  MD  PROGBAM  FOE  THE  CORSTRUCTIOI  OF  -THE 
STATE  GECSDETIC  KETVroEX  OF  THE  USSR 

Pages  39-56  Prof .  and  Doctor  of  Technic^ 

®  Sciences  A.  I.Dufnev,  Moscow 

,  Institute  of  Engineers  of  . 
Geodesy,  Aerial  PhotograplQr, 
and  Cai'tograjphy 

I.  The  Principles  of  the  Construction  of  a  State  Geodetic  Control 
Network"  ' ' 

!Eie  construction  of  a  control  geodetic  netyork  is  a  niatter  of 
great  importance  to  the  state.  Soviet  geodesists  have  always  devoted 
an  enormous  amount  of  attention  to  this  problem,  as  they  understand 

that  in  solving  it  the  scientific  and  technological. and  the  economic 
aspects  of  the  matter  must  he  taken  into  account  in  the  most  serious 
manner,  and  in  accordance  with  the  prospects  fqr  utilizing  the  geodetic 
network  for  science  and  production.  Blunders  in  this  matter  involving 
losses  of  objectives  and  a  single-minded  purpose  in  solving  this  prob¬ 
lem  wiiU.  lead  to  serious  consequences  which  will  be  felt  often  in 
10,  20,  or  more  years.  Subsequent  repetition,  substitutions,  and  rejec¬ 
tion  of  previously  completed  projects  are  the  result  of  blunders  in  the 
system  of  construction  and  definition  of  projects  for  establishing  con¬ 
trol  geodetic  networks . 

There  are, not  a  few  examples  which  confirm  this  conclusion  in 
the  practice  of  establishing  Control  geodetic  networks.  For  example,  up 
to  the  l880s,  triangulation  projects  in  our  country,  as  is  well  known, 
were  carried  on  in  an  unsystematic  manner,  "provinces,  "  without  any 
general  geodetic  pi, an,  and  without  the  proper  connections  between  indi¬ 
vidual  tri angulations .  To  the  great  chagrin  qf  Soviet  geodesists,  the 
role  and  significance  of  these  projects  were  lost  completely  and  very 
rapidly  • 

The  only  model  work  of  this  time,  the  Stnive  Meridianal  Arc, 
which  was  established  in  the  first  half  of  the  19th  centxiry,  has  not 
lost  its  scientific  and  procedural  significance  even  to  this  day . 

Bringing  order  into  projects  for  establishing  control  geodetic 
networks  and  placing  them  on  a.  definite  program  and  plan  was  accom¬ 
plished  in  our  country  after  the  Great  October,  Socialist  Revolution. 
From  the  moment  that  the  EM^er  Geodetic  Administra,tion  was  organized 
in  1919,  maiy  problems  of  the  d®velopment  of  geodetic  fiela  work  came 
up  anew.  In  the  1920s  the  VGU  [^^sshee  Geodezicheskoye  Upravlaniye  — 
Higher  Geodetic  Administration]  was  given  the  assignment  of  developing 
systematic  state  topographic^  maps,  and  establishing  first  of  all  a 
geodetic  base  for  these  maps  which  would  be  siminLtaneously  state  and 
departmental.  Only  the  establishment  of  a  national  geodetic  basis 
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ensured  national  mapping  in  a  systematic  manner  and  of  good  quality,  and 
at  the  same  time,  led  to  elimination  of  duplication  and  overlapping  of 
projects. 

The  role  and  the  contrihtrtion  of  F.  K.  Krasovskiy  in  working  out 
plans  and  programs  for  state  triangulation,  linked  with  the  profound 
ideas  embedded  in  V.  I.  Lenin's  decree,  are  generajlly  known.  Starting 
in  1928,  the  state  control  geodetic  network  began  to  be  developed  in 
accordance  with  a  definite  system  and  program,  taking  into  account 
scientific  and  practical  reguiroaents  and  with  a  more  or  less  reliable 
erection  of  signal  stations  calculated  on  lengthy  service  for  the  con¬ 
trol  network.  From  this  time  on,  haphazardness  in  the  construction  of 
control  geodetic  networks  was  at  end  in  our  country. 

The  following  20  years  (I92&-I948)  proved  that  the  i^stem  for 
constructing  the  state  geodetic  network  did  not  remain  unchanged,  that 
it  had  its  own  dynamics  of  development,  withal  quite  rapid.  On  the 
basis  of  an  analysis  of  the  problem  as  a  Whole  and,  in  particular,  an 
analysis  of  deformations  in  the  control  geodetic  networks.  Professor 
F.  K.  Krasovskiy  developed  the  well-known  system  in  I928  for  constructing 
a  state  geodetic  network  for  the  USSR.  In  the  interests  of  bringing 
order  into  the  development  of  networks  of  second,  third,  and  lower  orders 
within  first-order  polygons  and  acting  on  the  basis  of  the  above-men¬ 
tioned  analysis,  F.  N.  Krasovskiy  was  con^ielled  to  require  that  first- 
order  polygons  be  reduced  down  to  dimensions  of  200  x  200  kilometers 
(in  place  of  the  Pomerantsev  polygons  with  dimensions  of  400  x  400  kilo¬ 
meters). 

Understanding  how  coiiq>licated  and  responsible  the  problems  of 
establishing  a  state  geodetic  network  are,  F.  R.  Krasovskiy  noted  in 
his  work  of  I928;  "I  do  not  deiy  that  still  other  schemes  can  be  sug¬ 
gested  for  developing  second-order  triangulation'*  ([l],  page  68).  And 
in  fact,  life  itself  has  suggested  that  changes  be  introduced  in  the 
scheme  for  constructing  geodetic  networks  inside  first-order  polygons. 

As  is  well  known,  basic  second-order  networks  did  not  become  \rLdespread. 
Almost  from  the  outset,  second-order  triangulation  was  established  in 
the  form  of  base  strips  for  filling  in  second- order  networks.  As  a  re¬ 
sult,  in  connection  with  the  development  of  the  method  of  I.  Yu. 
Pranis-Pranevich  for  adjusting  the  extensive  geodetic  networks  by  parts 
(in  1935“ 1936),  the  second-order  base  strips  took  on  a  merely  auxiliary 
character,  (according  to  the  Fundamental  Propositions  of  1939)  aiid  lost 
their  significance  in  the  1940s, 

F.  N.  Krasovskiy 's  program  of  1928  called  for  the  construction 
of  a  state  network  of  six  stages:  first-order  strips,  base  strips  of 
the  basic  nets  and  filler  networks  of  the  second  order,  third-order 
networks,  and  fourth-order  densily  points  (formed  ly  intersections). 

The  Fundamental  Propositions  of  1939  called  for  the  construction 
of  a  state  network  of  five  stages  (without  the  basic  second-order  net¬ 
works),  and  from  19^0  four  stages  (without  the  basic  second-order 
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networks).  The  filler  second-border  nets  (s  =  10-15  kiloaieters)  had 
a  mean  square  error  m  =  1  2". 0-2”. 5  angular  measurements. 

The  accuracy  of  construction  of  networks,  according  to  the 
Krasovskiy  program  of  I928  and  the  Fundamental  Propositions  of  1939, 
was  held  approximately  identical  and  was  oriented  to  a  map  scale  of 
1:10,000. 

In  accordance  tTith  the  suggestion  made  in  19^t8  by  the  Deputy 
Chief  of  the  GUGK,  S.  G.  Sudakov,  a  transition  was  made  to  constructing 
dense  second- order  nets  inside  first-order  polygons  (s  =  10-15  kilo¬ 
meters)  of  hi^er .  accuracy  with  a  mean  square  error  in  angular  msastire- 
ments  m  =  1  with  bases  located  inside  the  polygon  at  every  7O-IOO 
kilometers;  the  second-order  net  was  densified  with  third-order  nets 
(s  =  7  kilometers,  m  =  i"  1".5)  fourth-order  nets  (s  =  4  kilometers, 
m  =  f  2".0. 

The  Fundamental  Propositions  of  195^  which  legalized  this  transi¬ 
tion,  retained  the  four  stages, : the  same  principles  of  construction, 
and  also  the  length  of,  the  sides  in  the  densifying  networks,  but  the 
accuracy  of  anguJLar  measurements  in  second-,  third-,  and  foiirth-order 
networks  was  raised  materially. 

Consequently,  the  accuracy  of  construction  of  the  dense  state 
networks  was  raised  significantly. 

The  following  circumstances  had  a  favorable  influence  on  the 
transition  to  the  new  system:  • 

1)  The  achievements  in,  methods  and  techniques  of  processing  and 
adjusting  extensive  dense  geodetic  networks  (the  method  of  Pranis- 
Pranevich,  electric  corrouting  machines); 

2)  Advances  in  the  manufactuire  of  geodetic  instnanents  (mass 
production  of  large  optical  theodolites  by  domestic  industry); 

3)  Advances  in  the  training  of  cadres  of  geodesists. 

Thus  the  system  for  establishing  a  state  control  geodetic  net¬ 
work  in  the  USSR  changed  over  these  20  years  (1928-19W)-  The  change 
was  and  is  accompanied  by  alterations  of  previously  coEipleted  work  or 
completion  of  previously  established  second-,  third-,  and  fourth- order 
nets. 

One  may  ask  whether  the  presently  adopted  system  for  constructing 
the  state  geodetic  network  will  be  subjected  to  future  changes. 

How  shall  we  establish  projects  for  constructing  the  control 
geodetic  network  in  such  a  way  as  to  reduce  alterations  of  completed 
nets  to  a  minimiim  and  to  increase  the  duration  of  service  of  the  control 
geodetic  network  in  the  USSR? 

These  questions  are  of  vital  interest  to  the  geodesists  of  the 
USSR  and  are  questions  of  great  scientific  and  economic  importance. 

The  answer  to  the  first  question  is  clear:  as  science  and  pro¬ 
duction  work  rise  in  level  and  develop  higher  requirements  in  respect 
to  the  geodetic  basis,  and  as  new  methods  and  equipment  for  making 
measurements  are  developed,  the  ^stem  for  constructing  the  state 


geodetic  netifork  will  te  subjected  to  changes,  even  in  the  . future.  It 
is  impossible  to  imagine  forbidding  endeavors  directed  toward  the  over¬ 
all  improvement  of  the  accuracy  of  the  construction  of  geodetic  net¬ 
works  . 

The  scientific  requirements  in  respect  to  the  accuracy  and 
reliability  of  construction  of  basic  geodetic  networks  are  ^mhounded. 
They  have  given  rise  to  the  problem  of  studying  the  shape  of  the  earth, 
the  new  problem  of  stuping  defoliations  of  the  earth's  crust  by  geo¬ 
detic  methods,  the  need  for  i^stematlc  study  of  changes  in  the  gravita¬ 
tional  field  of  the  earth,  and  the  dynamics  of  changes  in  a  geoid,  like 
the  shape- of  the  earth. 

The  last  two  problems  -  the  study  of  the  deformations  of  the 
earth's  crust  and  the  ^namics  of  changes  in  the  geoid  -  now  pose  the 
problem  of  construction  of  a  principal  geodetic  network  with  the  follow¬ 
ing  principles: 

1)  The  highest  accxiracy  attainable  in  large  state  projects; 

2)  Eepetition  of  measurements  in  the  principal  geodetic  network, 
with  reliable  erection  of  markers. 

The  second  principle  has  already  been  put  into  practice  in 
respect  to  levelling,  and  the  organiza,tion  of  repeated  measurements  in 
the  principal  triangulation  is  an  urgent  problem  of  the  present. 

The  practical  requirements  of  national  cartography  in  respect 
to  accuracy  do  not  contradict  the  first  principle  at  all. 

Consequently,  in  the  ll^t  of  the  new  problems,  we  shoiJ.d  change 
our  view  of  the  construction  of  a  principal  geodetic  network  somewhat. 
This  control  network  must  be  established  with  the  hipest  accuracy, 
with  the  erection  of  markers,  with  the  prospect  of  making  repeated 
measiarements,  and  with  the  objective  of  subsequent  determination  of  the 
coordinates  of  a  nijmber  of  points  of  the^  network,  as  a  rdle  with  new 
and  more  accxirate  methods  and  with  a  new’  system  ,  of  construction. 

Since  the  principal  network  is  likewise  a  control  for  densifying 
nets,  it  should  fiilfill  its  role  for  as  long  a  period  as  possible. 

The  methods  for  constructing  densifying  nets  should  be  different 
from  the  method  used  for  constructing  the  principal  network. 

The  densifying  nets  constitute  the  geodetic  basis  for  mapping 
the  cotuatiy  and  for  carrying  out  various  types  of  engineering  and  geo¬ 
detic  works;  they  should  be  calculated  for  lengthy  periods 'of  service, 
without  making  repeated  measurements,  without  alterations,  and  with 
observations  of  the  most  advantageous  systems  .of  construction  in  eco¬ 
nomic  respects,  taking  into  account  that,  such  nets  have  a  mass 
character. 

Densifying  nets  must  be  established  with  reliable  accuracy,  and 
oriented  to  the  largest  scale  pf  aerial  photographic  maps  of  the  next 
stage  of  cartography  (scale  of  1:2,000)  and  in  respect  to  density  of 
points  —  to  the  given  stage  of  cartography  (scale  of  l:25,000- 
1:10,000),  if  there  are  no  special  requirements  in  a  given  region.  We 
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believe  that  such  an  approach  should  be  considered  ftindamental. 
proceeding  aJ-ong  this  line,  we  shall  Increase  the  duration  of  service 
of  the  state  control  network  with  minimuci  outlays  for  its  constniction. 

These  considerations  did  not  concern  ai^rbody  in  I928,  but  th^ 
arose  with  special  acuteness  in  IS^’rQ}  when  the  first  stage  of  mapping 
the  country  on  a  scale  of  1:100,000  was  completed  and  the  State  Service 
started  the  second  stage  of  mapping  (on  a  scale  of  1:25,000-1:10,000). 

With  what  accviracy  and  density  will  we  have  to  construct  the 
state  control  network  for  nationwide  topographical  maps  on  scales  of 

1:25,000-1:10,000?  ^  . 

It  was  in  this  way  that  the  problem  was  placed  before  ohe  Main 
Administration  of  Geodesy  and  Cartograpl^r,  MVD,  USSR  in  1948, 

It  was  clearly  inexpedient  to  orient  this  network  in  1948  on 
the  a,cc\u:*acy  required  for  maps  on  a  scale  of  1:10,000  as  was  done  in 
1928  and  fixed,  after  11  years  had  passed  (that  is,  in  the  first  stage 
of  mapping),  in  the  Fundamental  Propositions  of  1939,  since  the  vigor¬ 
ous  development  in  our  country  of  geological  prospecting  and  l^^oelec- 
tric  power  projects,  and  the  construction  of  industrial  ente^rises, 
cities,  and  populated  points  following  World  War  II,  required  the  conv 
pilation  of  large-scale  maps  on  scales  of  1:5> 000-1: 2,000  in  growing 
amounts. 

It  is  cleeir  that  in  setting  up  dense  geodetic  projects,  it  was 
not  necessary  to  orient  ourselves  on  special-purpose  maps  for  small 
areas  on  sceiles  of  1:1>000-1:500  and  1:200.  However,  tne  mapping  of  a 
number  of  large  industrial  regions  on  a  scale  of  1:5^000  is  no  longer 
a  longe- range  prospect,  but  a  present  fact.  ^ 

Although  the  state  geodetic  basis  was  orientated  to  a  scale  of 
1:10,000  in  accordance  with  the  scheme  of  F.  H.  Krasovskly  in  1928  and 
the  Fundamental  Propositions  of  1939;  which  ensured  a  mean  square 
error  in  the  mutual  positions  of  adjacent  points  of  any  order  of  the 
network  of  1  0.3  meters,  now,  with  the  trends  toward  development  of  the 
third  stage  of  mapping,  the  newly- established  geodetic  basis  must  be 
oriented  toward  a  scale  of  1:2,000  (as  the  largest  in  the  third  stage 

of  mapping).  . 

It  was  proved  in  our  work  Hovyye  sisteny  postroyeniya 
geodezicheskikh  set ey  [News  ^sterns  for  Constructing  Geodetic  Networks) 
(published  in  1952)  ([2],  page  8),  that  dense  nets  of  the  new  construc¬ 
tion  in  accordance  with  the  Fundamental  Propositions  of  1948  (they  were 
retained  in  the  Fundamental  Propositions  of  1954)  satisfy  the  require¬ 
ments  of  dense  maps  on  a  scale  of  1:2,000  if  a  mean  square  error  of 
i  0.06  meters  is  maintained  in  the  mutual  positions  of  adjacent  points. 
Let  us  present  here  the  con^utational  justification  of  this 

iD^portant  initial  index.  _  ’ 

Let  us  take  the  mean  square  error  in  the  position  of  point  P  as 
determined  by  geodetic  referencing,  that  is,  from  the  surveying  traverse 
KP  (Figure  l)  equal  to  +  0.2  millimeters  on  the  map,  which  will  corres¬ 
pond  to  a  distance  of  mp  »  +  0.4  meters  with  a  scale  of  1:2,000. 
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Then,  the  veakest  point  K  of  the  surveying  geodetic  hasis  AKB, 
on  which  the  surveying  traverse  KP  can  rest,  should  be  defined  with 
a  mean  square  error  at  least  half  that  of  point  P,  that  is, 
nijj  =  -  0.2  meters. 

In  turn,  the  traverse  of  the  surveying  geodetic  basis  AKB 
should  rest  upon  the  state  geodetic  net  ABC...,  in  which  the  mean  square 
error  in  the  mutual  position  of  adjacent  points  (for  example,  of  point 
B  relative  to  point  A)  for  any  order  of  the  state  network  should  be  one 
third  that  for  point  A,  that  is,  equal  to  m^  =  0.06  -  0.07  meters. 

The  coefficient  of  the  increase  in  accviracy  of  the  state  control 
geodetic  network  relative  to  the  net  of  the  surveying  geodetic  basis 
must  be  taken  to  be  equal  to  3  (not  :2),  because  the  state  geodetic  con¬ 
trol  net  serves  as  a  basis  not  only  for  topographical  maps,  but  is  often 
the  starting  point  for  the  development  of  special  geodetic  nets  used  in 
different  geodetic  engineering  measurements. 

Therefore  the  state  control  geodetic  network  should  be  made  as 
precise  as  possible. 

Following  the  same  procedure  of  computation,  the  mean  square 
error  in  the  mutual  position  of  a^acent  points  of  the  state  control 
network  of  any  order,  for  maps  on  a  scale  of  1:10,000,  is  equal  to 
-0.3  meters  (which  is  maintained  in  the  construction  of  the  state  con¬ 
trol  geodetic  network  according  to  the  Krasovskiy  scheme  of  1928  and 
according  to  the  Fundamental  Propositions  of  1939)* 

The  Fundamental  Propositions  published  in  195^  aiid.  the  Instruc¬ 
tions  for  First-,  Second-,  Third-,  and  Fourth- Order  Triangulation 
issued  in  195^1955^  do  not  indicate  the  map  scale  on  which  the  accuracy 
of  the  nevr  network  is  to  be  oriented,  they  do  not  give  the  theoretical 
and  conqjutatlonal  Justification  of  this  construction,  and  they  do  not 
fix  the  mean  square  error  for  determining  the  weak  sides  and  the  mutual 
position  of  adjacent  points.  However,  theoretical  and  eaqierimental 
studies  by  Soviet  geodesists  conducted  in  1950-195^  showed  that  an  in¬ 
crease  of  5  times  in  accuracy  is  ensured  in  a  dense  net  constructed  in 
accordance  with  the  Fundamental  Propositions  of  195^  with  the  above 
errors  in  angular  measurements,  as  compaired  with  the  indexes  of  the  nets 
fixed  in  the  Fundamental  Propositions  of  1939*  other  words,  a  mean 
squeire  error  of  J:  0.06  meters  is  maintained  in  the  mutual  position  of 
adjacent  points  in  second-,  third-,  and  fourth-order  nets,  and  in  a 
dense  network  of  second- order  triangulation  the  weak  sides  are  deter¬ 
mined  with  a  mean  relative  error  on  the  order  of  1:250,000. 

Thus,  raising  the  accuracy  of  angular  measurements  "by  2  l/2 
times  and,  in  addition,  the  designed  precision  of  the  dense  construction 
of  the  nets  increasing  their  accuracy  by  2  l/2  times  (with  a  Joint  strict 
adjustment  of  the  nets)  —  and  on  the  whole  this  leads  to  a  fivefold  in¬ 
crease  in  the  accuracy  of  the  nets. 

The  accuracy  prescribed  by  the  Fundamental  Propositions  of  195^ 
for  the  geodetic  network  is  much  above  that  needed  as  the  basis  of  the 
state  topographical  maps  of  the  second  stage  of  mapping  on  scales  of 
1:25,000-10,000,  the  basis  on  which  the  efforts  of  the  State  Geodetic 
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Service  of  the  USSR  are  now  concentrated.  It  is  obvious  that  dense 
networks  constructed  according  to  the  Fundamental  Propositions  of 
1954  will  fully  satisfy  the  third  stage  of  state  mapping  on  scales  of 
1:5^000-1:2,000  in  respect  to  accuracy. 

In  this  case,  the  state  control  geodetic  network  is  guaranteed 
a  long  period  of  service. 

It  is  frequently  asserted  that  the  dense  second-  to  foiirth- 
order  nets  stipulated  in  the  Fimdamental  Propositions  of  195^  will 
satisfy  the  reqTjirements  of  ar^r  large-scale  mapping.  Such  statements 
are  without .  grounds,  as  may  he  seen  from  the  compiitations  presented 
above . 

It  is  appropriate  to  state  that  there  is  no  need  at  all  to 
orient  the  state  geodetic  network  on  mapping  on  scales  of  1:200, 

1:500,  or  1:1000,  as  we  must  bear  in  mind  that  maps  on  these  scales 
will  be  selective  for  a  long  time  and  will  include  comparatively  small 
areas. 

In  setting  up  a  program  for  constructing  the  state  geodetic 
network,  however,  it  is  essential  to  provide  a  solution  of  the  question 
of  how  to  establish  the  geodetic  basis  for  mapping,  for  large-scale 
maps  (in  selected  places  where  needed),  and  how  such  special  geodetic 
nets  should  be  tied  in  with  the  state  networks. 

This  problem  is  specially  acute  for  city  areas  in  which  the  city 
geodetic  control  net  should  be  set  up  with  the  proper  perspective  and 
will  not  require  revisions  for  lengthy  periods. 

As  is  well  known,  the  scale  of  maps  of  populated  parts  of  cities 
has  been  set  at  1:500, 

Following  the  procedure  of  computation  set  forth  above,  the  mean 
square  error  in  the  mutual  position  of  adjacent  points  of  the  geodetic 
ba^is  sho\ild  be  maintained  at  no  more  than  -  1.5-2  centimeters  in  city 
areas. 

Some  geodesists  have  expressed  the  opinion  that  the  state  net¬ 
work  specified  by  the  Fundamental  Propositions  of  1954  can  be  used  for 
cities,  too.  It  is  clear  that  this  is  a  mistaken  opinion. 

:  However,  the  way  out  of  this  position  is  also  clear:  it  will  be 

necessary  to  construct  special  city  nets  for  cities  -  of  dense  construc¬ 
tion  with  sides  of  small  length;  by  holding  angular  measurements  to  the 
accuracy  specified  for  the  dense  state  networks,  it  will  be  possible  to 
maintain  relative  errors  in  the  mutual  position  of  adjacent  points  to 
the  order  of  1:200,000. 

In  order  to  maintain  an  accuracy  in  the  mutual  position  of  the 
points  in  this  case  to  the  order  of  ±  1.5-2  centimeters,  it  will  be 
necessary  to  adopt  lengths  of  the  sides  of  the  principal  control  net 
for  the  city  on  the  order  of  3-4  kilometers. 

From  this  standpoint,  the  construction  of  the  previous  city 
principal  nets,  with  sides  on  the  order  of  10-15  kilometers  (up  to 
1940)  and  later  on  the  order  of  6-10  kilometers,  was  not  well-founded. 
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The  Fundamental  Propositions  of  1954  essentially  fail  to  provide 
a  solution  for  the  problem  of  constructing  city  triangulation  nets,  and, 
in  view  of  the  vigorous  increase  in  the  number  of  cities  in  the  USSR 
and  the  expansion  of  their  areas,  this  is  an  important  shortcoming.  A 
transition  from  the  dense  state  networks  to  the  city  nets  must  be  pro¬ 
vided  for  in  the  program  for  the  construction  of  state  control  networks. 

Thus,  establishing  the  necessary  accuracy  in  the  construction 
of  the  state  geodetic  control  network  is  of  fundamental  importance  and 
the  solution  should  be  closely  coimected  with  prospective  mapping  and 
with  the  system  for  constructing  nets. 

The  system  for  constructing  the  state  control  geodetic  network 
should  maintain  internal  consistency,  in  respect  to  accuracy,  in  transi¬ 
tions  from  one  order  to  another,  from  the  principal  network  to  densiiy- 
ing  nets. 

However,  this  consistency  has  not  been  maintained  in  the  proper 
manner  in  the  Fundamental  Propositions  of  1954. 

It  is  well  loaown  that  the  scheme  of  F.  N.  Krasovskiy  and  the 
Fundamental  Propositions  of  1939  provide  that  first-order  strips  have 
a  mean  relative  error  in  the  weak  sides  of  1:100,000  0.3  meters  in 

the  mutual  position  of  adjacent  points),  while  the  strips  of  the  new 
construction  specified  in  the  Fundamental  Propositions  of  1954  are 
1:150,000  (1  0.15  meters  in  the  mutual  position  of  adjacent  points  when 
s  =  20-25  kilometers). 

It  is  clear  from  this  that  the  points  of  the  first-order  strips 
of  the  previous  and  the  new  constructions  cannot  serve  as  the  principal 
basis  for  the  dense  second-order  nets  of  the  new  construction,  which 
have  a  mean  relative  error  in  the  weak  sides  of  1:250,000  (1  0.06 
meters  in  the  mutual  position  of  adjacent  points).  These  considerations 
were  stated  by  us  in  the  work  published  in  1952  ^2],  page  $). 

However,  the  Fundamental  Propositions  of  1954  and  the  Instruc¬ 
tions  on  Triangulation  published  by  the  GUGK  in  1954  do  not  take  into 
account  this  incompatibility  in  the  accuracy  of  the  strips  of  first- 
order  triangulation  and  of  the  dense  second- order  net  and  do  not  pro¬ 
vide  any  measures  for  eliminating  this  inconpatibility,  either  for  the 
period  for  developing  the  nets  or  for  the  future. 

Another  shortcoming  of  the  Instructions  of  1954  is  that  the  mean 
square  error  of  the  base  sides  of  the  dense  second-order  net  has  been 
set  at  1:250,000  (that  is,  the  tolerance  has  been  doubled),  or  only  at 
the  level  of  accuracy  for  determining  the  weakest  sides  in  the  dense 
second- order  net. 

This  standard  was  clearly  established  without  taking  into  con¬ 
sideration  the  designed  special  features  of  the  dense  nets  in  which, 
due  to  the  large  number  of  excess  links,  ([4],  page  5)  sJi  increase  in 
accuracy  of  2  l/2  times  is  ensured  over  the  triangulation  strips  (with 
the  same  accuracy  of  angular  measurements). 

It  is  clear  that  the  base  sides  in  a  dense  second- order  net 
should  be  determined  with  an  accuracy  not  less  than  1:500,000.  This 
accuracy  can  be  maintained  with  ordinary  base  measurements  with  invar 


tapes  (a  transition  to  direct  measurement  of  the  sides  or  permitting  an 
increase  in  the  base  nets  of  not  more  than  2  times)  and  with  measure¬ 
ments  of  distances  made  by  precision  optical  range  finders  (already  done 
in  practice). 

We  note  also  that  the  distribution  of  bases  in  the  dense  second- 
order  net  such  that  there  are  no  more  than  six  to  seven  triangles  be¬ 
tween  the  remote  side  to  the  bases,  is  not  essential.  This  requirement 
in  the  Instructions  of  1954  is  the  product  of  former  views  on  the 
dense  nets,  whose  accuracy  was  judged  on  the  basis  of  the  triangulation 
strips.  In  fact,  as  studies  have  shown,  the  dense  nets  have  greater 
uniformity  in  respect  to  the  accuracy  of  their  individual  parts  than 
the  strips j  and  the  character  of  the  accumulation  of  errors  in  these 
nets  is  quite  different,  that  is,  it  accumiilates  more  slowly  than  in 
the  strips. 

Starting  with  thesei  considerations,  it  is  wholly  possible  to 
distribute  the  bases,  tdr  exajiq)le,  on  the  edges  of  the  blocks  of  the^ 
dense  second-order  net  which  are  included  in  first-order  polygons  (with 
dimensions  of  200  x  200  kilometers),  which  can  be  done  expediently  for 
tying  in  the  principal  network . 

We  note  still  another  shortcoming.  Many  steps  (four  orders)  are 
retained  when  nets  are  constructed  in  accordance  with  the  Fundamental 
Propositions  of  195'+ • 

As  ali-eady  noted  in  pur  work  ([3],  pages  58-59)^  S’  densifying 
net  developed  inside  the  triangles  of  dense  second-order  .nets 
(s  =  10- 15" kilometers)  should  be  of  one  order,  that  is,  it  would  be 
expedient  to  replace  third-  and  fourth- order  nets  with  nets  of  a 
single  order,  (in  the  work  [3],  the  author  calls  them  first-order 
nets.) 

The  former  multi- order  constructions  of  control  nets  were  the 
products  of  the  technology  of  that  time,  chiefly  the  shortage  of  high- 
precision  instruments  and  also  of  qualified  engineering  cadres,  but 
these  conditions  have  changed  materially  by  this  time. 

Thus,  the  construction  of  state  control  nets  in  accordance  with 
the  Fundamental  Propositions  of  1954  has  a  number  of  shortcomings 
which  were  previously  noted  in  part;  it  is  obvious  that  this  system 
of  construction  must  be  revised  to  eliminate  these  shortcomings. 

A  number  of  fundamental  propositions  which  should  be  adopted  in 
forming  a  basis  for  constructing  state  geodetic  control  nets  have  been 
examined  in  our  works  published  in  1957  [3)  in  1958  [4]  . 

Let  us  add  the  considerations  stated  above,  after  formulating 
them  in  brief  form,  to  those  propositions. 

1)  Tbp  system  for  constructing  the  state  geodetic  control  net¬ 
work  sho\ald  be  oriented  toward  the  highest  accuracy  attainable  with 
contemporary  methods  and  equipment  for  making  measurements  (in  mass 
projects  of  national  character). 
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2)  It  is  expedient  to  constaruct  geodetic  nets  in  accordance 
with  the  principle  of  density,  thus  ensuring  a  large  number  of  excess 
links  and,  consequently,  hi^  accuracy. 

This  proposition  should,  of  course,  be  extended  to  linear 
geodetic  nets  (optical  range  finder  and  radar). 

Therefore,  it  is  simply  impossible  to  agree  with  tendencies  to 
construct,  for  exaiig)le,  optical  or  radio  range  finder  polygonometry 
without  excess  links,  ^sterns  for  introducing  excess  links  into  geo¬ 
detic  nets  can  be  most  varied,  but  these  links  should  be  such  that 
they  ensure  the  observation  of  the  principles  of  density  and  higliest 
accuracy. 

3)  It  is  expedient  to  construct  the  principal  control  nets  on 
the  base  of  blocks  of  dense  first-order  networks  by  forming  dense 
linear- angular  nets  of  large  figures  whose  vertices  rest  on  Laplace 
bases  and  azimuths. 

This  proposition  was  not  formvilated  clearly  enough  in  our  preced¬ 
ing  works  [3]  and  [4] .  The  sense  of  this  proposition  is  stated  more 
clearly  in  this  formulation. 

This  proposition  is  essentially  a  development  of  the  method 
worked  out  by  Gel’mert  and  Kfasovskiy  for  constructing  and  adjusting  a 
principal  control  net  for  modern  conditions  in  which  dense  second-order 
nets  inside  polygons  of  first-order  triangulation  must  attain  the  same 
level  of  accxaracy  in  angular  measurements  as  first-order  triangulations 
and  siurpass  the  triangulation  strips  by  2  l/2  times  in  respect  to  the 
designed  precision  of  constnuction .  (Thus  modern  second-order  nets 
shOTild  be  called  first-order  nets). 

As  we  have  already  noted  in  our  work  [4],  the  construction  of  a 
principal  control  net  in  the  form  of  strips  of  first-order  t^iangulation 
has  a  historic  basis,  at  first  03xLy  in  the  foim  of  grade  meas\xrements, 
then  the  work  of  mapping  the  co\intry  required  a  system  for  forming  poly¬ 
gons  from  strips  of  first-order  triangulation  as  the  prima:^  geodetic 
basis  with  angular  measiarements  of  the  highest  accuracy. 

The  dense  nets  constructed  inside  first-order  polygons  are  con¬ 
sidered  to  be  the  secondary  basis,  and  the  angular  measurements  in 
these  nets  are  made  with  tolerances  2  l/2  times  as  large  as  in  the 
strips  of  first-order  triangulation. 

Therefore  it  is  natural  that  the  construction  and  adjustment  of 
first-order  polygons  should  be  separated  up  to  this  time  from  the  con¬ 
struction  and  ad.justment  of  the  dense  nets  within  the  polygons. 

As  is  well  known,  the  Gel'mert-Krasovskiy  method  calls  for  making 
the  transition  from  a  system  of  first-order  strips  resting  on  Laplace 
bases  and  azimuths  to  a  system  of  calculated  lengths  and  azimuths  of 
the  diagonals  of  these  strips,  then  to  the  formation  of  systems  of  poly¬ 
gons  from  them  (Figure  ,2);  ' 

At  present,,  in  view  of  the  changing  conditions  for  constructing 
dense  nets  inside  the  polygons,  it  is  expedient  to  develop  the  Gel'mert- 
Krasovskiy  method  further  and  to  make  the  transition  from  a  system  of 
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blocks  of  dense  first-order  networks  to  a  system  of  calculated  lengths 
and  azimuths  of  the  diagonals  and  to  forming  dense  nets  of  large  fig¬ 
ures  from  them  which  rest  on  Laplace  bases  and  azj^uths  (Figi^e  3/» 

4)  A  multi-order  construction  of  the  nets  is  inexpedient.  It 
is  expedient  to  density  the  dense  first-order  net  with  nets  of  just  one 

5)  The  system  for  constructing  geodetic  control  nets  shoifLd  be 
changed  in  the  process  of  the  development  of  methods  and  eqixipment  for 
making  measurements  and  computations  at  definite  stages,  at  the  same 
time  preserving  the  continuity  between  previously  completed  networks 

and  using  them  as  long  as  possible. 

6)  The  system  fot  constructing  state  geodetic  nets  should  ensure 
minimum  expenditures  of  personnel,  money,  and  time  on  establishing  them, 
at  the  same  time  maintaining  the  highest  accuracy  in  the  construction 
of  the  nets  and  ensuring  the  longest  possible  periods  of  use  for  them. 

II.  A  New  ^stem  for  Constructing  the  State  Geodetic  Control  Network 
of  the  tJ^ 

Starting  with  the  fundamental  propositions  stated  above,  it  will 
be  expedient  to  adopt  a  scheme  for  constructing  the  principal  geodetic 
basis  in  the  form  of  a  dense  linear- angular  net  of  large  figures  which 
have  sides  of  100- l40  kilometers,  whose  vertices  rest  on  Laplace  bases 
and  azimuths,  and  which  are  derived  from  adjustment  of  of  dense 

first-order  networks  (second-order  according  to  the  classification  of 
1954)  with  sides  of  the  triangles  s  =  0-15  kilometers,  with  200  x  200 
kilometer  blocks,  and  with  a  mean  square  error  in  the  measTirements  of 
the  angles, of  i  0".T-0".8  according  to  the  scheme  of  Figure  3* 

For  this  purpose  it  will  be  expedient  to  shift  the  bases  in  the 
presently  accepted  scheme  for  constructing  dense  nets  to  the  periphery 
of  the  blocks  of  the.  dense  first-order  network  (Figure  3)^  PJ^oviding 
that  they  be  measured  with  an  accuracy  of  1:1,000,000.  The  acctrracy 
for  determining  Laplace  dual  azimuths  should  be  on  the  order  of 
±  0",7. 

With  such  a  system  for  constructing  linear- angular  nets  of  large 
figures  whose  vertices  rest  on  Laplace  bases  and  azimuths,  the  ^stem- 
atic  errors  in  the  dense  first-order  network  will  be  reduced  noticeably. 
Only  in  the  case  of  such  construction  will  it  be  possible  to  apply 
formulas  for  random  errors  subordinate  to  the  law  of  normal  distribution 
when  evaluating  acciaracy. 

Calculations  made  with  this  type  of  formulas  yield  the  following 
indexes  for  a. dense  first-order  network  (s  =  10- 15  kilometers)  in  the- 
weakest  places  (with  initial  errors  in  measurements  given  above): 

the  mean  square  error  of  mutual  position  of  adjacent  points 

M  =  -  5*6  centimeters. 
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the  mean  square  error  of  the  weak  sides  - 

“s' 

—  =  1:250,000-1:300,000 

S 

the  mean  square  error  of  the  azimuths  of  the  sides 
.  t  0".7  ' 

For  the  principal  network  of  large  figures  (L  =  100- l40  kilo¬ 
meters)  we  have  the  following  indexes: 

longitudinal  and  transverse  displacements: 

my  _  =  -  12-15  centimeters, 

i.,q,  '  _  . 

the  mean  square  eiTor  of  the  interior  sides  of  the  large  figures 

“t  q 

—  =  1:9  X  10^, 

Xj 

the  mean  square  error  of  the  azimuth  of  the,  interior  sides  of 
the  lai-ge  figures 

ms<  =  i  ".2-0". 3. 

ihe  accuracy  of  determination  of^  the  exterior  sides  of  the  large 
figures  and  their  azimuths  will  he  v  2  of  the  accuracy . of  the  interior 
sides  and  azimuths. 

After  balancing  the  200  x  200  kilometer  blocks  of  the  dense 
network  individually,  however,  we  shall  obtain  two  values  for  the  lengths 
of  the  exterior  sides  and  their  azimuths  (at  the  junctions  of  the  blocks). 
The  mean  weighted  value  of  these  two  determinations  win  ensure  an  ac¬ 
curacy  of  times  the  preceding  figure  and,  consequently,  the 

same  as  the  interior  sides  of  the  large  figures. 

Thus  the  network  of  large  figures  will  be  of  xmiform  accuracy. 

This  process  for  forming  a  linear- aiigular  network  of  large  fig¬ 
ures  in  adjusted  blocks  of  a  dense  first-order  network,  as  mentioned 
previously,  is  analogous  to  the  well-known  process  of  forming  the 
polygons  of  the  astrogeodetic  net  from  diagonals  derived  from  adjusting 
individual  links  of  first-order  triangulation,  as  suggested  by  Gel'mert 
and  developed  by  F.  W.  Krasovskiy  (Figure  2).  Therefore,  when  our  sug¬ 
gestion  on  forming  large  figures  in  a  dense  first-order  network  from  - 
the  diagonals  whose  vertices  rest  on  Laplace,  bases  and  azimuths  (Figure 
3)  is  identified  with  the  suggestions  of  Hungarian  geodesists,  we 
naturally  protest  against  such  identification. 
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As  is  well  known,  when  constructing  a  principal  control  network 
from  strips  of  first-order  triangulation,  forming  poJ^gons  whose  sides 
are  200  x  200  kilometers  (according  to  the  scheme  of  Figure  2),  we 
have  (when  m  =  j"  O".?): 

“s 

_  =  1:150,000 

'  s 


1  0.6  meters 


=  1  /  330,000 


0".6, 


and  for  the  angles  at  the  vertices  of  the  polygons 

m  =  0".6  X  =  !■  0”.85. 

Thus  all  the  indexes  which  characterize  the  accuracy  of  the 
construction  of  the  principal  network  with  the  aid  of  blocks  of  the 
dense  first-order  network  are  about  2  l/2  times  more  accurate  than  in 
the  first-order  strips  and  the  polygons  formed  from  them. 

The  effectiveness  of  the  new  system  for  constructing  the  prin¬ 
cipal  basis  stems  from  this. 

If  we  develop  a  dense  linear  tri angulation  in  the  above  200  x 
200  kilometer  blocks  with  lengths  of  the  sides  s  =  10-15  kilometers 
with  mean  square  errors  in  measuring  the  sides  of  1:200,000  then  the 
experimental  calculations  made  in  the  department  of  hi^er  geodesy  of 
the  MIIGA  ik  [sic]  In  1959  indicate  that  the  following  mean  square 
errors  wovild  be  obtained  for  large  figures  (L  =  100- l40  kilometers): 

longitudinal  displacement:  =  il"  10  centimeters, 

transverse  displacement  m  =  ^  38  centimeters, 

y. 

azimuths  of  the  weak  side  of  small  figures  mc<  =  ^  1".12. 

In  case  the  sides  are  measured  with  an  error  of  1:400,000,  we 
shall  have  (for  large  figures) 

longitudinal  displacement:  ^  ^  centimeters, 

transverse  displacement :  m  =  ■*"  19  centimeters . 

q.  " 
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These  indexes  are  already  close  to  angular  triangulation  when 
m  =  1  0".8  (with  the  same  length  of  sides),  even  thoii^  the  transverse 
displacement  in  the  linear  triangulation  is  almost  4  times  that  of  the 
longitudinal  displacement . 

It  is  obvious  that  the  combination  of  linear  and  angular  tri¬ 
angulation  is  the  sole  proper  way  for  constructing  dense  first-order 
networks  and  dense  nets  of  large  figures  derived  from  them  with  the 
highest  accioracy.  It  is  understood  that  it  is  possible  to  combine 
angular  and  linear  triangulation  with  polygonometry  (optical  location 
finder  and  radar),  but  with  a  sufficient  number  of  excess  links. 

An  analysis  of  the  problem  shows  that  in  order  to  retain  con¬ 
tinuity  with  dense  nets  previously  completed  in  accordance  with  the 
Fundamental  Propositions  of  1939  ^nd  1954  (with  the  same  length  of 
sides)  and  maintaining  the  accuracy  stated  above  in  the  construction  of 
the  principal  network  for  dense  first-order  nets,  it  will  be  essential 
to  retain  the  length  of  the  sides  s  =  10-15  kilometex's. 

With  such  a  density  of  points  in  a  dense  first-order  network 
(averaging  one  point  per  I50  square  kilometers),  the  nation  7rill  be  pro¬ 
vided  with  a  single  system  of  coordinates  at  a  sufficiently  rapid  rate 
and  it  will  be  possible  to  develop,  quite  conveniently,  a  single-order 
densifying  net  on  that  basis  (in  place  of  the  third-  and  fourth-order 
nets  accepted  in  the  present  construction). 

As  is  well  known,  there  axe  suggestions  for  replacing  second-, 
third-,  and  fourth-order  nets  with  a  single-order  network  with  length 
of  sides  of  7-8  kilometers  (averaging  one  point  per  50  square  kilo¬ 
meters)  and  even  to  calling  it  a  dense  first-order  network. 

In  our  opinion,  thi,s  suggestion  is  another  extreme  of  the 
presently  accepted  multi-order  construction. 

As  a  matter  of  fact,  in  such  a  single-order  network,  the  nuriber 
of  first-order  points  in  the  same  area  will  be  increased  3  times,  and 
developing  every  point  in  this  network  as  a  first-order  point  will  re¬ 
quire  great  effort  and  the  concentration  of  a  large  number  of  skilled 
personnel  and  precision  instruments.  It  is  scarcely  proper  to  compli¬ 
cate  the  work  of  constructing  the  dense  first-order  network  which  is 
supposed  to  serve  as  the  basis  for  establishing  the  principal  control 
network,  according  to  the  method  previously'’  stated.  In  our  opinion,  the 
lengths  of  the  sides  of  the  dense  first-order  network  in  some  regions 
of  difficult  access  (mountainoiis,  moimtalnous  taiga,  and  others)  can  be 
increased  up  to  20  kilometers. 

It  would  be  expedient  to  achieve  further  densification  of  the 
dense  first-order  network  with  a  single-order  net.  One  asks,  with 
what  density  shoiold  one  construct  this  net? 

This  is  a  problem  of  great  technical  and  economic  iiiportance, 
and  the  answer  should  be  based  on  coiig)rehensive  studies  of  different 
variants  for  constructing  the  densification  nets. 

It  was  stated  previously  that  it  is  expedient  to  orientate  the 
density  of  the  points  on  the  current  stage  of  mapping,  but  still  taking 
into  account  continuity  in  transitions  to  the  foiJLowing  stage,  since  it 
usually  begins  to  develop  in  the  period  of  the  current  stage. 
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Ill  this  connsction,  ve  believe  that  the  foilov;lng  verrlaat  lor 
constr'ictiiig  the  netvforh  merits  attention » 

A  dense  first-order  netverk  (s  =  iO-15  kilometers  and  m  =  _  C".7“ 
C''.8)  is  densified  with  a  single-order  network  of  the  second  ordei-  with 
lengths  of  the  sides  s  =  4-i?  kilometers  (averaging  one  point  per  20 
square  kij.ometers)  and  with  a  mean  square  error  in  ang'ilar  measurements 

m  =  Dd’o?" 

This  second- order  net  ha.s  been  developed  with  calculations  and 
methods  such  that  itw,w.l.l  be  possible  whoLli'  to  avoid  the  construction 
of  t  amirs  ^except  siitpii’.e  j^’-ramids. 

The  achievement  of  this  requirement  was  facilitated  by  the  fol- 
loid-iig  factors:  l)  the  small  leng-th  of  the  sides  (s  =  4-5  kl3.ometarsj 
2)  the  possibility  of  considerable  variability  in  the  shape  of  the  fig- 
uT’e.-:  (triangles),  since  thevsecondi-order  net  resbs  on  a  precise  frrsr,- 
cr:.er  network;  3)  the  coarparatively  low  required  accuracy  in  £ng>ular 
measurements  (l” .5 )  • 

In  fact,  in  a  level,  open  locality  vuith  distances  of  4-5  kilo-  , 
meters  between  points,  visibility  between  adjacent  points  (simple 
■;a|yrai3j..ds )  is  ensured  from  the  ground  (from  tripods). 

In  hilly,  open  localj.ties,  due  to  the  considerable  variability 
permitted  in  the  figures,  it  is  possible  to  avoid  obstacles  and  ensure 
visibility  from  the  grouid;  thus , it  is  possible  to  limit  construction 
to  siagple  jiyx-aicids. 

"As  for  forested  regions,  even  with  ary  length  of  sides  (4,  7; 
and  12  kii.ometars),  it  will  be  necessary  to  build  towers  25  or  more 
meters  hi^.  Therefore  it  will  be  necessary  to  develop  second- order 
nets,,  like  the  first-order  network,  in  these  regions  with  optical  said 
radio  range  finder  methods  of  poi^gonometry  in  order  to  reduce  the 
heights  of  tccvers. 

The  length  of  the  sides  of  the  second- order  net  can  be  Increased 
to  7-8  kilometers  in  regions  of  difficult  access;  but  in  open  or  semi, 
open  regions,  particularly  if  they  ac'e  industrial,  and  thickly  populated, 
the  length  of  the  sides  must  be  kilometers  (one  point  por  20  squa.rs 
kilometers). 

Preliminary  caJ.culations  show  that,  for  example,  for  a  200  x 
200  kiJ.ometsr  block  of  the  dense  network  in  open  and  semi.open  regions, 
tli  total  meterage  required  for  building  the  towers  for  the  dense  f .Irct- 
order  network  will  be  1.7- 2,0  times  cheaper  with  the  first  v^i.?n:, 
which  calls  for  constructing  nets  of  two  orders  (s  =  10-15  ki.lometers 
and  So  =  4-5  kilometers),  than  T>rith  the  second  variant,  which  oalli-s  for 
construction  of  a  single  order  (s  =  J-8  kilometers. 

If,  hovrever,  we  consider  the  construction  of  siDq)le  pyramids  in 
the  second  variant,  then  with  the  same  density  of  points  in  each  variant 
(50  scPiare  kilometers)  for  purposes  of  comparison,  the  total  volume 
(mifcerage)  required  for  building  towers  will  be  1,2  to  1.3  times  cheaper 
with  the  first  variant  than  with  the  second. 
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It  is  this  vhich  gives  rise  to  the  techiiical  and  econcaic  'ad7aa- 
tage  or  the  first  variant  over  the  second  variant,  inasrouch  as  it  is 
well  known  that  outlays  for  the  construction  of  toTresi-s  tncoimt  for  2/3 
the  totaJ.  outlays  for  establishing  a  geodetic  neti/ork. 

It  is  imderstood  that  only  preliminary  calculations  are  nresented 

here . 

It  is  necessary’  to  maJoe  more  complete  calculations  of  expenditures 
of  na'jpc^:re;>  and  money  for  the  first  and  second  variants  for  constructing 
the  nets,  including  outlays  for  estaclislxing  the  geodetic  control  sxir- 
vey,  snnce  it  has  no^v'  began  to  play  an  important  I’ole  in  the  control,  of 
ea„h  o’.xrv^ing  trase^ilon. 

Our  suggestions  in  regard  to  the  coastriAction  of  a  geodetic  con¬ 
trol  net  (with  the  first  vailnat)  will  ensure  the  continuity  and  the 
itSe  of  previously  eoiiipleted  third*!-  acid  fourth-oider  densificetion  nets 
(s-  -  kilometers  aad  sj^^  =  2-4  kilometers). 

Let  us  discuss  the  continuity  and  u,se  of  strips  of  first-order 
ti’iang'iLation.  It  cernot  be  denied  that  the  scrl'js  of  first-order  tri- 
ang;lsoion  have  playet  an  outstanding  role  in  determiiilng  the  Krasov.skiy 
elliv xoid  end  in  establishing  a  single  system  of  coordinates  over  the 
whole  of  o’u:  cciuitry. 

The  establishment  of  strips  of  the  first  order  ai  that  stage  of 
the  development  of  geodetic  ocntrol  nets  ras  proper  and  unavoidable. 

It  was  like'iiilee  wholly  proper  to  endeavor  to  coii5)lete  the  con¬ 
struction  of  polygons  from  strips  of  first-order  triangulation  in  the 
northern  and  northeastern  regions  of  the  USSR  in  order  to  extend  a 
cringle  ^systeiu  of  coort’lnates  to  these  regions,  too,  so  far  as  dense 
nets  of  first'-'order  trian,pjiiaticn  s'ere  established  there  over  a  pro¬ 
longed  period  of  time. 

i.n  regions  in  which  dense  first*- order  network.®  second  order  ac-* 
Cologne  to  the  classification  of  1954)  are  being  developed  at  present, 
it  is  ooviouB  that  there  is  no  necessity  for  decreasing  the  dimensions 
of  the  first-order  polygons  or  even  altering  previou-sJy  completed 
first-order  strips  which  do  not  satisfy  the  requirements  of  the  Instruc¬ 
tions  of  195^,  since  it  wJXl  be  expedient  to  estaiblish  the  princinal 
control  network  in  regions  cf  the  development  of  dense  first-order  net- 
wcrks  from  blocks  of  dense  nets  in  accordance  with  the  method  mentioned 
previously. 

Thus  the  establishmen-';  of  the  principal  control  network  .trorx 
Mocks  of  dense  first-order  nets  is  a  new,  second  stage  in  the  estab- 
lishnenn  and  development  of  the  principal  control  network  for  whic.h  we 
must  prepare  ourse.lves  and  which  must  be  introdi.iced  grciduall^'’  even  in 
the  period  of  the  lirst  stage  of  establishing  the  principal  control 
network. 

A.3  is  well  known,  mapping  of  the  nation  is  being  developed  by 
stages  (as  mentioned  previously). 

The  establishment  of  the  principal  control  network  wMch  wi.U 
sati-sfy  scientific  and  practical  requirements  shoMd  also  be  developed 
in  stages,  but  of  longer  periods  (for  majoLmum  utilization  of  the  g-co- 
detic  basis). 
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US  discuss  briefly  the  adjustment  of  the  control  nets  of  the 
ne^r  sj'stem  of  construction.  ^  . 

The  principles  of  this  adjustment  irere  set  forth  in  oui’  [4] . 

Let  us  note  hei-e  that  every  200  x  200  kilometer  block  of  the 
dense  first-order  network^  vhich  includes  shout  400  points  (on  the  order 
of  600  triangles),  is  adjusted  as  a  whole,  as  a  semifree  netiroik  resting 
on  Laplace  bases  aid  azimuths,  separately  from  neighboring  blocks. 
Frevicusl;'’  con^pleted  first-order  strips  are  included  in  the  common  ad¬ 
justment  of  blocks  of  the  dense  first-order  netarork  after  being  given 
s’Jiitab.le  weights. 

The  blocks  of  the  dense  first-order  networks  are  adjusted  by  the 
Preex'.r.-Pranevich  method. 

‘Then  the  sides  and  the  angles  of  the  le;;ge  figures  in  the  adjusted 
bxccks  of  the  dense  network  are  calevilated  (in  analogs"  with  :bhe  calcula*- 
tion  of  the  diagonals  of  the  strips  for  palygons  of  first-order  triangii- 
latioiv).  The  dense  linear- mgular  network  of  large  figures  wln-ch  has 
been  fo.rmed  is  regarded  as  a  directly  Bee,'^;virecl  n  -  >•  . 

The  dual  value  of  the  lengths  of  the  sides  in  the  figiu’es  of 
adjacenc  blocks  can  be  reduced  to  a  single  value  computing  the  mean 
weighted  value.  On  the  other  hand,  the  dual  values  of  the  azimuths  of 
these  ailjoining  sides  -vrill  be  eliminated  by  Introducing  conditions  of 
the  Jjorizon  and  conditions  of  the  sums  of  the  an.gles  in  the  large  fig¬ 
ures  of  the  principal  network  (with  common  adjustment  of  the  dense  net- 
wcrii  of  large  figu::-es), 

A’lj^stment  of  the  dense  netoork  of  large  figures  is  done  as  a 
wnole,  strictly  on  the  accertef  reference  e3,lipsoid,  as  the  astrogeodetic 
network  of  uense  construction  with  measured  angu3.ar  and  linear  elements. 

For  erample,  che  numlaer  of  points  in  the  dense  netwro.d<:  of  large 
figures  for  the  European  par-t  of  the  USSS  amounts  to  about  6O0  (about 
500  triaagl-es).  In  the  f^^ture  the  number  of  points  of  large  figures  w'ill 
come  to  about  2,000  for  the  entire  USSR  when  the  development  of  the 
dense  network  of  triaagulation  is  completed  over  the  entire  area  of  the 
USSR. 

It  is  whol-iy  obvious  th:.it  still  another  method  for  common  and 
strict  adjustment  of  the  entire  dense  first-order  network  by  the  Pranis- 
Preneilch  method  with  division  of  the  network  into  parts  (into  200  x  ri'JO 
kilometer  blocks)  has  aiot  been  excluded. 

In  tixLs  case,  too,  the  first  stage  of  iiidividual  adjustment  of 
the  dense  network  by  blocks  (200  x  200  kilometers)  will  also  turn  out  to 
he  useful. 

Jjet  us  dwell  briefly  on  the  establishment  of  fundamental  Lsroi.ace 
azimuths  and  initial  lengths  of  the  sides  in  the  principal  control  net¬ 
work. 

In  order  to  make  the  principal  control  network  more  precise  and 
to  reduce  ^stematic  factors,  it  is  expedient  to  introduce  fundamental  , 
Laplace  aaimuths  (also  fmidamental  astronomical  3_atitudes  and  longitudes), 
and  also  finidamentel  determinations  of  base  sides  in  the  large  figures  of 
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the  network  with  lengths  up  to  100  kilometers,  either  with  an  infif.rect 
metnod;  for  example,  by  making  highly  acciirate  optical  or  radio  range 
finder  traverses  or  by  direct  measurements  with  the  aid  of  li£^it  or 
radar  position  finder  methods  eveiy  five  to  eight  blocks,  that  is, 
eveiy  1,000-1,500  kilometers  (Figure  4), 

Inasmuch  as  the  sides  of  the  large  figures  of  the  dense  network 
are  determined  with  a  relative  error  of  1:9  x  105,  the  fundamental  base 
sides  with  a  length  of  100  kilometers  shou3.d  be  determined  with  twice 
that  accuracy,  that  is,  on  the  order  of  1:1.8  x  10^.  The  problem  of 
deteiTTining  the  fundamental  azimuths  and  lengths  of  sides  merits  special 

As  may  be  seen  here,  the  principal  control  network  established 
by  the  method  described  previotislj^  is  s.  dense  astrogeodetic  network  of 
points  located  100  kilometers  from  each  other.  It  should  be  combined 
with  a  dense  gravimetric  network  of  points  in  vLich  it  would  be  e^rpedi- 
ent  to  separate  fundamental  gravimetric  points  con^jatible  irith  the 
above-mentioned  fundamental  astronomical  points. 

The  principal  astrogeodetic  network  of  the  new  construction 
will,  be  used  in  the  future  for  deriving  new  measurements  of  the  terres¬ 
trial  ellipsoid:.  It  will  also  permit  a  comprehensive  approach  to  the 
actual  investigation  of  horizontal  displacements  of  individual  parts  of 
the  earth’s  crust  similar  to  the  manner  in  which  vertical  displacements 
of  the  earth’s  crust  are  now  being  investigated  with  repeated  high- 
precision  levelling. 

In  the  futvire,  geodesists  will  have  at  their  disposal  mors  accur- 
uate  and  more  effective  methods  for  making  measurements  than  they  do  at 
present,  and  thqy  will  be  able  to  make  repeated  measurements  in  some 
form  or  other  in  the  T,;;5.ncipsl  sistrogeodetic  network  now  being  estab¬ 
lished,  thus  obtaining  valuable  data  through  comparing  the  resiiLts  of 
ths  msasurements  for  stuping  deformations  of  the  earth’s  crust  and  for 
changes  in  the  shape  of  the  earth. 

Literary  References 

1.  F.  K.  Kfasovskiy.  ESrhema  i  programma  gosudarstvennoy  trianguDyatsii 

[Plan  and  Program  for  State  Trlangulatiori j ,  MoscOTr,  19^.  " 

2.  A.  I.  lanrnev.  Ncvyye  sisteay  postroyeniya  geodegichoszJ.kh  setey 
[New  Systems  for  Constructing'^’odetic  Networks!,  Moscow, 
Geodezizdat,  1952. 

3.  A.  I.  Dumev.  "Problems  in  the  Construction  of  Geodetic  Networks 
and  the  Evaluation  of  Their  Accuracy."  Moscow,  Izvestiya  vuzov, 
razdel  Geodeziya  i  aerofotos"  yemka  [Bulletin  of  the  Higher  Educa¬ 
tional  Institutes,  Section  of  Geo^desy  and  Aerial  Photography], 

No.  1,  1957. 

4.  A.  I.  Durnev.  "On  the  Construction  and  the  Principles  of  Adjusting 
State  Geodetic  Control  Networks,"  Moscow.  Izvestiya  vuzov.  No.  5j 

1958. 


-  64  - 


Figure  2.  iaa  t3a@  'b&ces  aass  liS©  tfeose  of  Figitfe  | 

fl»  lAttla^e  poiats  ( ^ ) 


Fig-’.ire  4 


Beu?es 


Laplaxie  points  («f  ^  A,  ?C) 


O 


Psmdamentsl 

Laplace  points  (<jp^  A  gC^ 


Itiitdemental  'base  sides 


Prlncipel  control 
network  of  large 
figures 
s  lOO-liiO 
kiloaieters 


68 


r 
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Aerial  Photographic,  and 
Carbographic  Engineers 

The  basic  tasks  of  hi^er  geodesy— deteiminat ion  of  the  dimen¬ 
sions  ond  the  shape  of  the  earth  and  the  spatial,  coordinates  of  po-ints 
on  the  eaiiih's  surface  in  terms  of  a  single  coordinate  system-- req;uire 
the  geodetic  maiTiage  of  continents,  sines  the  position  of  the  ellips¬ 
oids  on  wlilch  triangulation  has  been  developed  relative  to  each  other 
and  to  the  center  of  inertia  of  the  earth  is  not  knovn.  Such  links  are 
also  necessary  for  the  conqpilation  of  maps,  for  navigation,  rocket 
lauj.ichings ,  studies  of  shifts  in  continents,  irre.guxarlties  ii.  che 
rotation  of  the  earth,  et  cetera. 

1.  Marriage  of  Continents  by  the  Triang-ilation  Method 

This  method  is  very  eiinple  and  consists  in  constructing  triangles 
or  rectangles  vith  large  sides'  whose  solution  req.mres  the  application 
of  the  coagplete  Legendre  formulas.  The  maximum  distance  of  a  link  is 
determined  here  by  the  formula 

S  =  3.89  KM  ( v'^hj_  +  V  h2)  M  or  h^  =  S^5  6l  (l) 

Then,  when  hi  =  ho  =  2,500  meters,  S  =  3*89  (50  50)  =  389 _ kilometers , 

Cc:.iseq,uently,  neceosarj'  factors  here  are  points  at  great  heights,  power-- 
fvl  light  sources,  and  good  visibility,  which  limits  the  possibility  of 
using  this  method.  (When  connecting  the  Baleares  Islands  with  ^ain  in 
18o4-1825,  J.  Biot  spent  6  months  on  the  Desiert.a  Peninsula  before  he 
saw  a  light  on  Ivis  Island  at  a  distance  of  iGO  kilometers.) 

This  method  was  used  for  the  first  time  in  I783-I789  ly  English 
and  French  geodesists  headed  by  F.  Cassini  to  connect  the  grade  measure¬ 
ments  of  France  an.d  England  across  the  English  Channel  (ICG-I50  kilo¬ 
meters)  [ij.  In  1879  Spanish  geodesists  conn-ectei  Eorepe  and  Africa 
across  Gibraltar  (S  <  54  kilometers).  In  I872  J.  Perrier's  project 
connected  two  points  in  Spain  with  tr/o  points  in  Algiers  by  means  of 
geodeliic  quadrangls  whos©  longest)  side  was  270  kiloiiie*bers  (Figuire  1) 

[l].  In  order  to  increase  the  accuracy,  the  connecting  points  shoiJ.1 
have  been  Laplace  points. 

The  longest  tri angulation  leg  on  dry  land  was  one  of  370  kilo¬ 
meters  (Shasta— Makdermik)  in  traversing  the  arc  along  the  39’th 
parallel  in  the  western  part  of  the  United  States  in  1871-3 898,  (The 
longest  triangulation  leg  in  the  USSR  is  El'bruz--Goc.orezi  with  a 
distance  of  234  kilometers.) 
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This  isetiiod  eaia  be  ufteti  to  ehlaaact  tcSt^orks  of  the  t]^K 
md  the  Urjited  States  bsr  the  Bering  G«lf  said  DdoiaeAe  and  iCi-ng  Islands 
{project  of  graduate  of  the  KIIGAIK,  L.  Eolbas)  and  also  to  connect 
the.  northern  Islands  vritii  the  continent  but  its  possibilities  are 
restricted  by  distances  of  250-300  .kiloiaeters  and  also  ly  visibility 
conditions. 

2.  llarri^e  of  Continents  by  a  Method  of  I&manic  (Rocket) 
Triangolaticn  ' 


This  method  vas  suggested  in  1920  by  M.  Scbnauder  and  in  1^4 
by  G.  Athonasiades  for  connectiTig  Eurc^  and  Africa  by  triangulation. 

It  was  iffiposeible  to  cairplete  the  connection  ty  the  trissnfulation 
method  across  the  island  of  Crete^  since  the  dietance  frora  the  island 
cf  Crete  t.o  Afnlca  vas  '^pQ^kOQ  kiloffioters,  th®  height  of  tlie  aoun- 
tains  on  Crete  was  2^000-2,500  laetera  and  on  the  coast  of  Africa  only 
200-500  meter's. 

This  laethod  was  based  on  obeerration  of  raoTiag  sight  targets 
(fits)  aiid  the  construction  of  "geodetic  hexagons "  (Figure  £),  In, 
the  figure  A  B  ^2  0  D,  ’the  points  A  and  B  are  irdtial  points; 
fuid  D  determinable;  and  Zx  'and  So  auxiliary,  O'ver  which  the  sighting 
targets  are  placed  (hytotgen  balloons  or  rockets).  At  points  A,  B, 

C,  and  D  angles  hC ,  ^  ^  ^  ,  then  oC^.  ,  /iv. 

,  are  siitwltaneously  measured  or  photogr«:ph.ed.  The  coordinates 
of  the  points  Zy  fuid  Z2  ,sre  obtained  from  solving  strai^it  liae,s  of 
interoection.  and  points  C  axid^B  from  solving  the  probltan  of  Esnsen 
or  Potenot  (with  ttree  targets).  In  order  to  obtain  surpltxs  data, 
the  length  ai:.d  aziicuth  of  leg  CD  are  measured,  w!.iich  gives  the  condi- 
tioiis  of  the  beses  end  azimuths.  If  three  sighting  targets  ere 
observed  end  12  angles  are  meas-ured,  then  t>ro  of  them  are  surplus. 

The  distance  of  transiinssion  here  is  determined  by  the 
l  oncula  . 


2s  *  748  {/l^ (2) 

where  is  the  height  of  the  target.  When  hjjj  ==  1,000  raeters  and 
liv.  =  4,000  meters,  ;£s  73S  kiloraeters . 

Wiien  processing  and  adjusting  a  geodetic  hexagon  ’with  dis¬ 
tances  of  core  than  100  klloraeters,  it  is  expedient  to  use  the  method 
of  V.  V.  Popov  of  p3rc>jections  on  a  Legendre  plane,  and  to  calculate 
the  coordinates  of  the.  intersections  in  a  Geaiss  projection  on  a 
sphere  by  the  author’s  formulas  [3] 

A  +  E  ctg  gKa  “  c 

\  ctg  0^2  -  CjL  ctg  ^2 
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tBf  cos^  X3.  +  sec  1  ai 


-j-  fy- 

.p  ‘'O 


-  sec 

di2> 

{4} 

cos^g; 

sin,^  2  ^ 

Ein^  2  sinA^j 

Bj=  cos  AX; 

sec  ^  cos  q?  2 

(5) 

For  thlss  iK^thocl  *the  author  has  alXt:3>lifiod  the  inetbods  tor  Bolvir3,g 
triangles  with  sides  ui>  to  QOO-'^OO  kJ-lCfuiSters » 

'ilie  use  of  triaagulation 'vrit-h  lao’/irig  sighting  targets  became 
pin.-cticall^’-  feasible  when  a  tb.ecxk»lite  with,  photograpliic  registration 
r.'jxdo  pu3.sea  (radi.opiioto theodolite)  was  invented  in  Genaary  In 
1942“  1943 .  The  Gcirrians  used:  a)  a  lai'ge  Ascaai.e.  optical  theodolitej 
b)  a  receiver- traiismtter  radj,o  station  with  a  motor- generator  set; 
c }  an  maplifying  relay;  aiid.  a  device  for  processing  the  film.  The 
Csredlans  used  a  Wild,  f-3  optical  theodolite,  and  the  Rtissiaris  used 
an  OT-Oti  tneodolits  with  a  camera  attachment  [4], 

In  1944  this  Biethod  was  used  to  establish  a  connection  between 
Enrh'-'-^  siid  Sorsaai-dy  (l^O-loO  kilometers)  and  a  coimection  betireen 
De:iiiaerk  aaid  IJorwe;/  in  19'!-5  (l5>0  kilometers).  The  United  States  used 
this  :i.8thod  to  connect  Florida  with  the  island  of  Cuba  {25O  kilometers), 
t'.e  lElifucas  with  the  iolaiid  of  Qaba,  Haiti  asid  Jamaica  'with  each  other 
and  with  the  continent.  Ttie  longest  leg,  Tui-quino  (Cuba)  —  Macs^* 
(ilelti)  ,  was  3‘i5  kilometers  (kj.  In  1953  the  moving  el^iting  target 
\re.B  used  to  e<r.nect  the  Kne  ili.ver  Observatory  with  triangula.tion  points 
at  di-stanaes  of  250  IcLlometers.  With  32  to  54  determinations,  the  mean 
square  c-rrci'  of  a.'  point,  by  convergence  of  the  results,  wa,s  irom  1  3  to 
IT  5  Tiietersj  eiid  with  a  control  trlsng^olati.on  strip  the  error  in  the 
lest  point  was  ^  I.5  meters  [5]. 

The  minLauffi.  heiglit  of  the  moving  sighting  target  is  detennined 
by  the  wc;1:L  laicwn  foiimala 

-  {0.237  -  -|C7)^  (6) 


For  Crete  Africa  200  kilometers^  hj^  -  200  ineters^  and 

It  -  i*^-00  i?ieters,.  but  for  repeated  observations  the  rockets  shojold 
be  lEuinched  to  3n  altitude  of  about  k  kilometers.  In  Canada  the  rockets 
vero  launched  an  olrrlane  at  an  altitude  of  kilometers-  • 

Further  developmerit  of  this  method  is  linked,  vith  the  use  of 
interference  theodolites  of  the  ’’electric  eye”  type  suggested  by  Ye. 
Gigas  in  (An  interference  instrvuTient  vas  developed  for  the  first 

timo:  by  acaderrdGiaa  V.  F.  Linik  in  19^+6^,  but ‘such  instrijaaents  were  used 


0^1:7  estroncry  in  the  USSR. )  Tb.e  Gigas  interference  theodolite 
woiild  nermit  ohser^rlng  ’d-th  infrared  raj^is  \ander  poor  ^rislhi-lity  ccndi'' 
tiona  and  in  fo&a,  Ii\  addition,  furthei-  development  is  linked  with 
radio  direction  fj.nders  [*»•].  Tre  mo^’lng  sighting  target  method  is 
quite  acc\irate  and  more  promising  than  the  ordinai^r  triaaga2,ation 
method.,  but  it  is  very  conipXicated  in  an  organizational  sense  and  is 
limited  to  distances  of  350  milometers.  A  significant  improvement 
in  the  acci'xacy  of  radio  direction  findat’^  end  the  use  of  artificial, 
sajrtli  .s.atellites  (JlSZi,'  could  greatly  extend  the  limits  of  its  applica¬ 
tion. 

3.  Marriage  of  Continents  b;"  a  Radar  Method 


A  pulse  apparatus  and  the  "method  of  transverse  f3.i,^hts"  are 
use;!  for  this  xjnrpose.  In.  bhi.s  method  an  ar'ipiejce  vrith  an  itLti’ashort- 
’vave  interr’ogator  intersects  a  measured  line  several  times,  at  about 
the  middle  and  perpendlcvilar  to  the  line,  and  the  sum  of  the  inclined, 
eurved~lir,a  distaaces  from  the  air-plane  to  ground  stations  located  at 
the  ends  of  the  measiired  line  is  fixed  visually  or  photographically 
every  2-3  secoric's  Figure  3)»  minimum  svmi  of  distaiaces  corresTocnds 

to  the  fliglrt  over  the  line,  idsterna].  Intersection  is  use6  for  short 
lines  and  the  maximum  difference  of  distances  is  found  [7]. 

Msteorolog3.cal  sounding  of  the  atmosphere  vrith  an  airp3.ane  or 
soiu-dlng  bsjJloons  is  conducted  at  the  saiiis  time.  The  necessary  pbysj.- 
caj.  and  geometric  corrections  are  inserted  as  a  resu].t  of  measviraments 
[b],,  17 fSi'  Hcvrever,  the  procedrere  for  introducing  correctj.ons  hac 
.not  been  developed.  sufficie,ntiy,.  partici'u.fvrly  for  hyperb(d.ic  systems. 
The  range  of  propagation  of  ultrasnort  radio  ■'.raves,  taking 
refraction  and  diffraction  into  consideration,  is  ei^ressed  by  the 
forrruLa 

S  -  4.15  (  +  V'ho).,  (7) 

one.  the  range  of  coaaounicatlons  in  the  iiethod  of  transverse  flights 

S  =  8.30(v'\+  xi'H).  (8) 

Fo.'.'  a  maximum  side  of  920  kilometers,  measured  in  the  United  Gt-ates 
in  19^-6,  S  ®  12,3  kilometers  was  obtained. 

Pulse  methods  -were  used  for  the  first  time  for  determining  the 
height  of  the  ionosphere  in  the  United  States  in  19^5  (G.  Erigivt  and 
M.  Q^vo)  and  in  the  So^/let  Arctic  in  1932-1933  M»  A.  Bench- 
Brc'^-'vicb .  In  the  war,  from  1941  to  194$,  they  acquired  wide  applica- 
tion  for  locating  airplanes  and  ships,  and  for  bombing,  navigation, 
and  ae.rial  photography.  In  1945  the  United  States  used  the  shcran 
pvilse  system  in  Italy  foi*  measuring  great  distances  in  geodesy  with  tne 
transverse  flight  method.  Analogous  systems  were  developed  in  the 
Soviet  Union  [£j,  :.7]» 
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ihis  method  "v/as  vised  iu  the  1950s  for  estm^slishir^  lar;^e  radio 
geccletic  netwrks  in  the  United  States^  Canada,  Australia,  .-md  the  USSR 
over  distances  of  300'-^«00  kilometers  with  an  aceuo’acy  of  1:100,000- 
1; 50,000,  or  close  to  the  accuracy  of  first-order  tri angulation » 

Shoran  was  used  to  ests7olish  geodetic  connections  hetireen  Scandinavia 
and  England;  Asia  Minor  and  Africa  tlrrough  Crete;  England  and  Icelcpd; 
i;ori;.h  end  South  America  throu^^tlie  Great  and  thev  Syiall^  Antd^^ 

In  1955  the  accuracy  of  the  shoraii  system  was  increased  hy 
the.;rm:.stat:liig  airclane  equipment  and  the  use  of  staoiliKers  with  higb.er 
frequencies  (the  Tfrrau  system) «  It  was  re^yrted  that  it  was  used  to 
Conner. the  island  of  Crete  with  Africa,  and  Europe  with  Jforbh  Amazuca. 
Twenty  first-order  points  in  Norwe^',  Eng).and,  Iceland,  and  Greenland 
were  connected  'by  q_uadrangles  with  a  ma!;.im’iii  dJ.Btance  of  884  kilometers 
with  this  system.  The  accuxucy  of  measurement  of  distances  was  about 
1:1:''.0,000.  The  author  deve7.oped  methods  of  soli’ing  triang3.es  with 
la-.ge  measured  sides  up  to  8OO  kilometers  for  these  methods  of  making 
.connections  [t3-  Spatial  linear  intersections  are  a  frurther  develoipuent 
of  these  methods  [9]. 

However,  the  azimuths  of  the  sides  are  not  determined  precisely 
sneugb.  in  radio  geodesy.  Therefore,  when  there  is  direct  visibility, 
it  i.s  ejqjedient  to  combine  i-adar  measurements  with  geodetJ.c  or  astro- 
aomi.ial  measurements  of  angles  or  azimuths.  Then,  in  connecting  chains 
of  .islands,  for  example  uhe  Kuriles  or  the  Aleutians,  it  is  possible 
to  apply  "radJ-o  polygonometiy"  (Figvire  k)  or  "azimuthal  intersections" 
which  are  a  generaj-ization.  of  A.  I.  Dumev’s  intersections  for  the 
ellipsoid.  In  the  latter  case  it  is  sufficient  to  measure  the  foiwec'd 
and  back  azimuths  at  ell  .points  of  tli.e  chain.  On  the  other  hand, 
measuring  dlstanceA  and  the  coerdi-nates  of  the  end  points  yields  sur¬ 
plus  data  for  adjustment. 

When  direct  visiL'i’.ity  i.s  lacking,  E.  Sodano  in  the  United 
States  and  c4.  Wolf  in  Gemar:^'-  suggested  in  1953  ClO]  that  moving 


sighting  target  triangulation  be  combined  with  radar  distance  measirce- 
ments,  which  would  increase  the  accuracy  of  the  results  and  permit 
determining  the  aziEPaths  of  very  long  lines.  Each  line  of  this  t;,^e 
gives  rise  to  two  eq.uations. 
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Radar  i^iitfeoas  toa."  coiiKiadtiteg  <JOi*£diiestffi  -aiefe’ @^tel>l;e  for  lils- 
tM.cea^i-ai}  t0  er^d' fimiaa  M  la  tfeje  future. 

Tde  auG-cetaivd.  iii>|aicatlca  of  rMid  mtfeots  l^r  olssetviag  artificial^ 
esjTtii  ©atellltefi  asEfi.  fccfeats  Id-  &  ^sraKSfcee  of  tSiis, 

of  Coatlaeata  %y  Methods  o|  go^c  frimgulatiop 

lo  these  atetbods  oae  does  &ot  observe  rocket®^  as  ia  rocket 

triBagabaticcft#  but  celestldi  bodies  mm  |tbe  aocfo  aad 

ertifielel  e^jld}  satellites  |«  ^  cojap8i*iKg  tlie  geo-seatrlc  coordinates 
o-f  tbe^aoca,  the  pnrsdJIjs:  of  :Sf  ^  *  5f»  is  pilte  large  (Figure 

^),  relatirg  to  tbs  cetsfe-er  of  5»s®  (aol  to  tbe  ceBter  of  -btee  ei|,i|iS*> 
oidi  with  observed  tii^oceati^c  cea'3^ti3bete.s  oae-  cm.  deterttiac  the 
absolute  - spstdal  coordiasts#  of  ae  obserm'  I,  %  or  M  ^  ^  - 

cr  correct  ions  to  tfec  apfrdxlmte  (ia^tiwaoBilcsl)  coordiaates  fllj. 

(It  is  ai,so  possible  to  obtsla  a  sii^le  i^EtoBi  of  ^atial 
coordinates  coraaeoted  with  the  ceirt-er  of  iasrti®  ©f  the  earth  by  a 
corbicM  studF  of  tb®  gsaerel  gras-ltatlonal  field  of  the^  earth  sM 
the  results  of  astr-ogecdettc  ivork  oa  differeat  eoBtl»®ats  tl61>  but 
diiicusslon  of  this umhod  is 'b®yo,sd.  the  sco®®  of  this  article.) 

B@terteiri8.tiqa  of  ®baolut.e  coordlsriateg  by  obseryatioas  of  the 
Eooa  was  not  ax®liad  before  ths  aoth  ceatusy  ea  aceoaat  of  the  lew 
accuracy  of  the  observatlms  and  the  eoordSmtds  of  tte  skjoq.  Iicssrd* 
lag  to  Brawn's  t^leg^  the  emrdinatea  of  the  jEoon  as^  obtained  with 
G/Ptenatic  errors  A  A  ■Which  arh  caused  by  irregularittea  in 

the  rotation  of  the  earth  \s^  to  several  seconds ;  On  the  ether  hmd, 
an  accuracy  of  0’'.01  is  regiiired^,  since  all  the  e®iaffcimis  of  errors 
contain  the  coefflGiest  Jf  q  =■•  lr60®  and  every  error  in  observing 
the  moon  and  lt.s  pcsitiG®i  is  testified  6o  tisaes  fl^},  [ik|*  (Bar  an, 
earth  satellite  m^rins.  «t  an  altitude  of  1^270  kilometerg,  sin 
0.85  =  50  sin  |7c0 

Mow  that  the  acourasy  of  .observ.3tiQn&  of  the  ssoon  has  been 
incre-f^ed  by  photoelectric  registration  the  correetiohs  A  A 

and^tp  exe  found  fro®  -Bystmatic  obe«rvattO»  at  a  large  naviber  of 
obsepratories  snd  rcore  aeeuS-ate  positions  of  the  moon  are  aveilsble 
(ib^il-}.  Inasmuch  as  the  observatio-ns  of  the  aoon  are  conducted  by  a 
dii'ferential,  method,  the  meastirements  of  the  lyarallax  angle  are  not 
distorted  by  deviations  of  the  plumb  line,  as  distinguished  from  the 
calculated  one  [l6] . 
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Siear®  are  four  different  methods  of  cosmic  triaagulation: 
ft)  obser'/atioas  of  solar  eclipses;  b)  obssjr/ation  of  occultato'on  of 
stars  bj  the  nteonj  c)  photographic  observations  of  the  njoon  and  stars; 
d)  ob£?e;n,‘atlons  of  artifioi^  earth  satellites  [I3}. 

a.  A  :'aethod  fcr  observirig  eclipses  to  deteraiine  the  distance 
along  the  llrse  of  the  eclipse  between  tvo  polhts  by  the  speed  of  the 
:isO've33Kfr!t.  of  the  moon’s  ahadcw  aal  the  parallax  of  the  moon  was  stxg- 
gested  by  T.  Eanachewlecs  (Poland)  in  1929*  i'he  whole  eclipse  does  not 
last  Riorc  than  8  miautes  while  the  shadow  moves  about  1  MlcKseter  per 
sesond.  giving  the  astronomical  coordinates  of  a  number  of  points 
in  the  path  of  the  eclipse,  it  is  possible  to  calcul.ate  the  tltaes  the 
ehado^-?'  crosses  these  points  (second  and  third  contacts).  Photogi'apb.s 
at  the  beginning  aiid  end  of  the  .full  phase  ere  obt-Oined  with  the  aid 
of  a  coej.ostat  on  the  moving- picture  film,  at  a  rate  of  20  frsries  per 
second  fl63 .  The  parallax  of  the  moon  in  terns  of  right  ascension  is 
deteiturjed  for  observed  end  ca3.cu3.sted  times  oi  full  eclipse,  which 
gives  t’.ro  equations  fcr  each  obaervstion 

5  «  ain  P;  cos  F,  (10) 

where  1  is  the  radi.tts5  of  the  sJiadow  ftTid  ?  is  the  angle  of  position 
containing  three  unfcaowas  **  the  geocentric  latituda  the  longitude 

X'  ,  end  the  radius  vector  pf  of  the  point  of  ob3etvs,tion  in  the 
.system  of  the  general  terrestrial  spheroid  if  we  consider  the  coor¬ 
dinates  of  the  moon  to  be  free  of  sjretemtic  errors  • 

If  more  th-ari  tiiree  instants  of  fiill  eclipse  are  o^jserved 
point,  then  J,t  is  possible  to  determine  the  corrections  A  , 

end  A  p*  from  the  solution  of  n  ^3  eqirationa.  In  this  cane  the  nead 
for  gravimetric  suiw-cying  would  be  eliminated.  .Tn  practice,  however, 
tl'.e  coefficients  of  the  equations  (lO)  are  very  close  for  the  beginning 
juid  the  end  of  the  eclipse  [14] . 

W.  lismbert  suggested  considering  the  radius  vector  at  a  deter- 
nLlned  point  and  the  coordinates  of  the  iraltial  point  as  known  quantities 
in  the  geodetic  connection  of  points  [ll] .  Bieii  it  woilLd  be  possible  to 
obtain  the  coordinates  of  the  cLeteria.lri&d  point  (relative  to  the  pl’aiiib 
line),  since  the  corrections  to  the  coordinates  of  the  moon  could  be 
considered  as  constants  at  the  time  of  observation  of  the  eclipse. 

Then  one  coiHd  obtain  the  distance  betwee.n  tlie  pc:)3nts  in  fractions  of 
the  great  somlaxis  frac  solving  the  inverse  geodetic  problem.  If,  on 
the  other  hand,  the  points  were  geodetic8i;iy  connected,  it  would  be  pos¬ 
sible  tc  deterraine  tlie  distance  to  the  noon  frean  observations  of 
eclipses  (TTc) 

Attempts  were  made  to  conduct  such  observations  in  i.9l6,  19^.^^ 
1948,  end  1954.  Twenty- seven  expeditions  were  orgar,dzed  by  the  United 
Suates,  Sweden,  and  others  in  order  to  observe  the  eclipse  of  195^? 
but  ell  of  them  were  failures  due  to  overcast  weather.  On  the  basis  of 
observations  made  in  1947  in  Ei'azil  and  Africa,  R.  Hirvonen  imd  T. 
KilkkamsJci  obtained  corrections  to  the  coordina,tes  of  1,T?5  ffiviters  end 


1.640  laeters  •with  ^  error  ia  the  looatloa  of  the  Bioon  of  about  1.5 
kilor:etars_  or  4*^3  ^  4" .3;  S  -  -  5"  ^  5'‘ -5  or  206 

TBtlers  -  2.^4 ^Lietors  •v^ith  un  a!?:i2iiutii  of  231  tiegi’ees  (0'’.i  in  tae 
parallax)  [1.63  <■ 

‘Hie  reilsi  of  the  jacon  la  tak&a  into  eonsidere'tioa  laore  Eceur-S^ely 
the  eclipse  iflethod  than  in  the  occultation -.aethod.,  since  It  Is  |>r6» 
jectcd  on  the  d:L«it  of  the  sun  over  &  great  distance.  However^  it  Is  iia- 
jio.s3icae  to  ottalh  h;igh  accuracy  frcaa  jjaioceasing  s-aalJ.  ^ctograjits  and 
xi  is  iraposei'ole  to  obtefn  aany  plctiires  per  second,  with  a  l&og- focus 
telescope .  Eclipses  -wMch  lav  convenient  for  marriage  of  ccntine.nts  are 
extremely  r&re .  Kras  there  -wrill  be  no  more  eclipses  in  the .  20th  cer*- 
twy  which  will  be  convenient  for  connections  across  the  Atlantic. 
rinalJiy,  special  cccpeditl'Ons  are  needed  for  the  observations  thiose  suc¬ 
cess  is  strongly  dependent  upon  the  weather. 

•Therefore^  E.  Plechek.  and  others  (Argentina)  suggested  a  pho'io- 
eiectrie  method  for  observeticss,,  ard  0.  Sandig  and  K.  Ivotar  (Best 
Oorauiiiy)  designed  a  rpeclBl  ptxi^mter  for  the  eclipse  of  1954  in  which 
tvc  rays  frcm  two  halves  o£  ttw  s&y  woiad  fall  on  the  photocathodc  so 
bhc-.t  the  current  WOT.d.d  be  afe  e  .«,«iriSum  when  the  shadow  passed  across 
the  Kenith,  Such  observatioiis  acciarately  fixed  the  beginning;  middle, 
aic.  end  of  the  eclipse  (to  0.0£  seccmds)  even  in  overcnst  ves.ther  (with 
constant  cloudiness)  [13]  .  a-ciil..,  observations  of  eclipses  vi3.1  • 


rcely  be  widely  applied  in  ge< 


,  since  eclipses  are  vcx-y  rare 


they  a.re  not  repeated  at  the  prei-lous  point,  and  they  are  s'troagly 
connectsd  wi’th  -the  wearher  [ll], 

b.  Ihe  method  -of  observations  of  occ-oltations  of  stars  by  the 
moon,  was  suggeatod  by  d,  Watteriaarin  (Geraary)  in  1902  [lb].  Occlu¬ 
sions  ;ire  observed  iStxre  frequanuly  thaB,  eclipses,  ;md  at  difierent  hour 
;-.'.g.le5  declinations  of  tne  rooon.  However,  the  3  deys  prior  to  a.nd 
after  the  first  au.erter  of  the  BKjon  are  tl’ie  best  stilted  for  observa- 
tion.s;  thu.?,  in  order  to  avoid  sm.ll  altitudes,  it  is  necessary  to  make 
the  observations  in  the  spri.'ig  and  the  s^amer.  The  most  advantageous 
co-nddtions  for  the  obser-vatione  are  to  be  .fo.,xnd  in  the  tropics;  there¬ 
fore  this  method  is  appllaable  only  for  cotmecting  Central  finerica  and 
Gouth  fiffiLerica.  The  limits  for  applying  the  method  are  about  3,000 
kilometers;  thus  'the  connection  of  Africa  with  America  should  inc.lude 
v-he  Mores  [133  ^ 

After  calculating  the  el^iiiientc  of  occultatioR  in  points  ■with 
differ  cut  coordinates,  one  can  let-erroine  graphically  suitable  points  of 
ccse:.r/ation  in  the  path  of  the  occlusion.  Each  occultetion  gives  i-lse 
to  cue  suuntiorj  of  the  fom 


uSr  +  b^X  cfY  +  d^Z  eSA+  +  I 


■v/jiere 


X 


fi:  (H  +  E)  cos  B  cos  L; 

I  =  (N  +  S)  cios  B  sin  L;  (3.£) 

Z  -  e^)  +  El  sin  3^ 

and  a  X.  B  I,  ajid  ^  2  8X6  coordinates  of  the  center  of  the  ellips¬ 
oid  relative  to  the  center  of  the  earth  116} .  If  one  observes  occulta-* 
tioivc  at  tvo  points  with  the  same  position  rngls.,  that  Is^  the  s^e 
point  on  the  xmon,  then  it  is  possible  to  consider  A  A  c  C 

a,.;  constants  and,,  by  tajS'ing  the.  coordinetee  of  one  point  as  known, 
qaer.titiesj  to  set  up  the  difference  equations 

•Ai  ^  ^2  ^  npt?^  ) 

The  equations  (13)  are  solved  aasa^alcally  or^grapMcaD.ly.  The  relief 
of  the  jaoon  is  tak.en  into  account  with  the  aid  of  aa  atlas  of  its 
p;cofi3.e.  Observations  of  occnAtfttloiis  are  particulsr.ly  interesting  for 
grenroG  of  stare  (Pleiades,  Elfedec)  and  at-  fall  Ituiar  eclipses  Il4j.  .  ^ 

In  1955“ 1956  K.  Batchlor  and  others  laade  paired  observations^ of 
fou."  oecultations  in  the  .fhilipplKCs  and  the  Caroline  Islands  (s^c^l,000 
k.llc?ueter?)  with  Cassegrain  telsscows  @.nd  photoelectric  registration. 
Corrections  o.f  and' -IS*'.©  with  mi  ellipse  of  errors  of  504  x  2^0 

meters  were  obtained  for  the  island  of  ps.laui.. 

Observations  of  occnltations  at  points  which  are  geodetice.lJ.y 
connected  permit  detertnining  the  equatoritiL  radius  of  the  eartn  and 
studying  iri-egula-rities  in  its  rotatlou.  The  method  of  occaltatio,ns 
is  inferioi"  to  the  .method  of  eclipses  and  i*iotograplric  observations  of 
t'le  moon,  due  to  the  large  effect  of  the  relief  of  the  moon,  evorj 
iu  aces  require  s5,mpler  equipaient.  The  accuracy  of  observation  of  die- 
ai^tiearance  ruid  reappear-snee  is  not  the  saxae.  The  use  of  photographic 
registration  of  times  and  improvements  in  taking,  into  account  the  re- 
2.icf  of  the  iDOon  can  Improve  the  accuracy  of  the  method,  but  it  is 
limited  in  respect  to  xatitu.de  and.  the  number  ox  Eultabu-e  occult  at  iona 
is  smslLl, 

c ,  The  method  of  photographies  obse3xvatlons  of  the  moon  and 
etsrs  is  the  most  promising  of  the  three  methods  described  here  end  the 
best  for  etudying  irreg"iilaritles  in  the  rotation  of  the  earth.  In  this 
case  observationc  csii  be  made  over  a  large  ere  of  the  orbit  and  the 
nimiber  of  convenient  times  which  can  be  selected  is  unl.imifced.  This 
metliod  permits  measuring  distances  from  the  star  to  a  large  number  of^ 
points  on  the  edge  of  the  moon,  which  reduces  the  effect  of  the  relief 
of  the  moon  (pigxire  S)  •  However ,  simultanecrus  pnotographing  of  the 
moon  and  stars  is  difflctilt,  since  star  photograpiiy  requires  3.020  sec¬ 
onds'  exposure,  l-n  wh3.ch  case  the  image  of  the  moon  is  cvere35jOf5ed  snd 
not  clear-cut  on  account  of  its  displacement.  In-order  to  eliminate 
this  diffic’dlity ,  two  methods  were  suggested  in  1954  by  V.  Markowitz 
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Botli  methods 


States)  [h2]  aad  A.  A.  vikha/lov 
■werre  im'estigated  at  PuUtovo. 


(Pulkovo)  [I4] . 


In  MarkoK'.lc?  ’  l-iC.  .!•  csiuera  a  smoked  place- “•arallei  plate  ’a?=ecl 
to  reduce  the  brightness  of  the  moon  is  synchrcnoasly  rotated  about  an 
axis  parallel  to  the  plane  of  the  plate  by  a  clocfcirork  mechanism  in 
order  to  corroensate  for  the  movement  of  the  moon  relative  to  the  stai's 
duri.ijj  the  exposure,  .ftn  objective  lens  with  an  aperture  of  20-30  centi- 
meters  a:.id  a  field  of  2  x  2  degrees  perm5.ts  photographing  a  large  num¬ 
ber  of  stars,  which  increases  the  accuracy  of  determination  of  the  coor¬ 
dinates  of  the  center  of  the  ;aoon  [ihj,  1153'. 

The  Pulkovo  car-era  taices  ordinary'  photographs  of  the  stars  and 
the  moon  with  the  use  of  a  rapidlj'  rotating  shield.  The  position  of  the 
;’’.oon  relative  to  the  stars  is  distorted  here  crJ.y  by  random  errors  in 
refraction  and  the  position  of  the  piiotographing  telescope.  On  the 
ocher  hand,  with  the  Markowitz  method  errors  in  the  motion  of  the  photo- 
gre.ching  telescope  and  the  rotation  of  the  filter  lead  to  a  one-sided 
expansion  in  the  image  of  the  moon  and  systematic  errors  [l*!-],  [15 1. 

The  coordinates  of  points  on  the  ed^^e  of  the  moon  are  fi.rst 
determined,  on  the  photographs  by  references  to  stars  (Figure  6).  Then 
the  most  probable  coordinates  of  the  center  of  the  moon  are  foui.id  by 
mecsvcrements  of  the  distances  from  the  center  mark  to  points  on  the 
■edge  of  the  moon  with  the  equations 


X  sin  Pj^  +  It  r  cos  Pj^  +  2’  =  (?Ji-) 

■According  to  Markowitz'  data,  when  10  star's  were  referenced  to 
4o  points  on  the  edge  of  the  moon,  the  accuracy  of  the  coordinates  of 
the  Centex-  of  the  moon  was  found  to  be  about  0".2  and  the  accuracy  of 
deviations  from  the  plumb  line  was  about  10"  (300  meters).  Therefore, 

In  order  to  obtain  an.  e.ccirracy  of  1"  it  will  be  necessai^r  to  contplete 
10'  observations  of  400  references  each  [15J . 

Photographic  observations  of  the  moon  at  suitable  points  wiU. 
permit  determinatif.>.-  of  the  ab.'^  elute  inclination  of  the  plumb  line, 
the  shape  and  dimensions  of  the  geoid,  and  the  general  terrestsfLal 
eU-ipsoid.  According  to  the  Tenth  Assembly  of  the  International 
Association  of  Geodesy  (Toronto,  195^)  this  method  chould  be  applied 
during  the  Intemationpl  Geophysical  Year  in  20  observatories  through- 
ou'^  the  world  with  final  procss.3ing  in  Washl.ngton.  The  plan  called 
for  obtaining  more  than  60O  photographs  at  each  point  in  order  vo  deter¬ 
mine  the  corrections  for  the  movement  of  the  moon.  The  expected  accu¬ 
racy  of  the  inclination  of  the  plumb  line  is  1"  and  of  the  coordinates 
40  meters  (15J»  The  results  of  this  work  (i960)  will  be  of  great 
importance. 

d.  A,  A.  Mikhaylov  believes  that  observing  the  moon  is  still  a 
difficult  and  thankless  task  [lif-j .  Differential  observations  of 
arliificlal  earth  satellites  and  stars  is  more  profitable  and  accurate, 
since  the  parallax  of  a  sate2.1ite  ps  considerably  greater  than  that  of 
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"ths  inofffi.  Iio'wev6.r.’ t].,e  AGoveniiiir^s  oi  'i  saiislli'lie  axe  corapllca'fced  aiid 
dti.  orT-dt  changes,  OJherefora  it  is  posti'ijls  to  lise  satellites  as  hi^- 
altitude  moving  slghiin;;  targets. 

A  nreoiGC  vkl'ae  of  the  orbit  of  a  satellite  is  required  for 
de’ceircining  the  distance  betereen  points.  With  a  velocity  of  the  satel¬ 
lite  of  8  hiloneters  per  second  and  an  error  in  the  time  interval  of 
0,001;  the  error  in  the  distaxico  will  be  about  8  meters  11? J*  ibotifi- 
cisj.  eaxth  satellites  are  observed  by  radio  engineering  and  optical 
(photographic)  methods. 

In  radio  directfexj.  finding  of  artificial  satellites  it  is  aac.is- 
saiy  to  determine  the  phase  difference  in  signals  sent  fx'om  the  saC'eo- 
lite  to  the  earth  on  two  antennas  spaced  ar  a  distance  of  IjAg  .i  S 
apai't  and  to  determine  the  direction  to  the  sateid.it.e  by  the  formula 
(Figure  7) 


sin  ^ 


In  orl.er  to  eliidLnate  multiple  values  for  the  ^gles  several  pairs 
of  antennas  are  u.sed  in  the  NS  and  SW  planes.  The  position  of  a 
sare.llite  in  its  orbit  can  be  aetersuined  with  the  aid  of  a  radio  system 
(i'.([in:ltracli;  and  others)  at  eni’-  time  of  the  dey  and  in  any  weather^Trith 
an  accuracy  of  which  is  sv.fflcieilt  for  inary  purposes  [l?]- 

In  the  USSR  the  measurement  and  co;iiputation  of  parameters  of 
artificial  earth  satellites  and  rockets  is  acconrolished  by  a  ladlo 
measuring  ccmiplex  whose  gro''rJd  stations  ore  located  at  (different  po3.nts 
of  the  USSIl  Plans  have  been  made  in  the  United  States  to  determi.ne 
the  position  of  a  number  of  islands  in  the  Pacific  Oixean  with  the  aid 
of  srtlficisl  earth  satellites.  In  this  case  the  Vanguard  program  has 
been  established  for  determining  the  orbits  and  altitudes  of  artificial 
earth  &ate3_Lites  from  geode ticajjy  defined  stations  and  the  "Batty" 
•orogram  for  the  inverse  problem.  -  that  of  determining  the  position  of 
the  islands.  The  expected  accuracy  is  about  150  meters  with  errors  in 
ast.Tonom3.cal  di.rect3.on  f3.n(3.'i.ng  up  to  I., 5  kj-lometers  [3.7.:  = 

Optical  obseivations  of  artificiaT.  earth  satellites  are  con¬ 
ducted  in  the  USSR,  by  the  GAISh  [Gosudarstvemyy  as3.ronom3.Gheskiy 
institut  3xierd.  p,  n,  fi^ternbersp.  -  the  P,  K..  Shternberg  State  Institute 
of  Astronoii]5’'] .  An  interraptved  t.race  of  the  satellite  is  obtained  T-lti: 
the  aid  of  a  rotating  shield  (obturator),  and  seven  to  nine  stars 
along  the  trace  and  one  star  c.lose  to  the  center  of  the  negative  are 
.selected.  The  accuracy  of  determination  of  the  time,  with  the  aid  ol 
the  obturator,  is  about  C.05  seconds  (400  meters).  Computations  are 
made  on  a  Strela-4  cemputer.  In  A3jna;~Ata  photograjAiic  observ'-ations 
are  conducted  'with  a  meniscus  astrograph  equipped  with  an  NAFA 
Maiesutev  camera  which  is  fitted  with  an  oscillating  p3.en- parallel 
plate>  a  loop  oscillograph,  and  a  printing  chronograph  with  an  accuracy 
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of  C.OOl  seconds.  Referencing  is  accomplished  with  three  control  stars. 
Errors  in  the  position  of  the  second  satellite  amounted  to'^»  and 

the  third  satellite  ±  2"-.3"  [l8]. 

Theodolites  fitted  with  movie  cameras  which  have  an  accuracy  of 
about  3"  and  Bakker-Nunn  telescope  cameras  fitted  with  a  stroboscope 
are  used  in  the  United  States  for  observing  artificial  earth  satellites. 
?hotog;raphs  are  made  x^ith  an  objective  lens  of  500  millimeters  with 
f  =  70  -  100  miDJLimeters  on  sensitive  film.  The  obturator  interrupts 
ejcposure  at  intervals  of  0.01  seconds  and  gives  time  markers  on  the  fiJ-m 
with  the  aid  of  a  crystal  clock.  At  an  altitude  of  300  kilometers  the 
angular  velocity  of  aa  artificial  satellite  is  about  I.3  degrees  per 
second.  Thus,  when  the  time  is  fixed  down  to  0.001  seconds,  the  posi¬ 
tion  of  the  satellite  is  determined  down  to  1-5"*  Photographic  methods 
ensure  determination  of  the  coordiiiates  and  altitudes  of  satellites 
down  to  10- 15  meters  [I7]. 

Simultaneous  observation  of  a  satellite  by  two  independent  sys¬ 
tems  permits  determining  the  distance  between  points  of  these  systems. 

If  we  accept  angular  errors  of  1  5"  and  time  errors  of  0.01  seconds  in 
optical  observations  of  artificial  earth  satellites,  then  the  errors 
in  the  coordinates  as  determined  by  the  i^stem  will  amount  to  about  hO 
meters  along  x  and  along  y. 

It  is  impossible  to  use  long- focus  telescopes  to  improve  the 
accuracy,  since  they  req^iire  very  precise  training  and  the  time  of 
li  g;it  cf  a  satellite  across  the  field  of  vision  will  be  very  short 
(les?  than  1  second).  Hcnrever,  television  cameras  permit  photographing 
objects  whj.ch  are  moving  at  angular  velocities  50  times  greater  than  a 
satellite.  !Hius  the  use  of  electronics  seems  more  promising  there  [I7I . 

Determining  -the  precession  of  the  orbit  of  an  artificial  earth 
satall.j.te  for  several  weeks  permits  an  accturate  definition  of  the  com¬ 
pression  of  the  earth  <X  .  It  was  determined  in  1958  'ly  E.  Bucheor 
(CsechcSlovakla) .  The  United  States  Amy  Map  Bervice  obtained  a  value 
of  the  coii:5>ression  c<  =  1:298.38  ±  0.07  from  observations  of  the 
1958  P2  satellite,  from.  26  March  tU  6  June  1958  ^d  =  1:298.0 
0.03  for  the  1958  X'  satellite.  These  figures  agree  well  with  the 
conclusions  of  F.  U.  Krasovskiy. 

By  neking  use  of  the  measxirements  of  the  orbit,  one  can  deter¬ 
mine  the  mean  :.'.adlus  of  the  earth  with  the  aid  of  Kepler's  second  law 
by  means  of  the  formula 

V 

max 

''mn 

One  can*  then  determine  its  mass,  study  the  distribution  of  mass  in  the 
ea;rth's  crust  and  general  anomalies  in  the  gravitational  field  of  the 
earth,  connect  the  tri angulation  of  the  westerii  and  eastern  hemispheres, 
and  determine  the  shape  and  dimensions  of  the  triaxial  earth. 
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Three  years  ago  the  United  States  Aray  lyiap  Ser^rice  completed 
many  years  of  work  on  determining  the  equatorial  radius  of  the  eartn 
and  ohtained  a  vaJme  of  o,  =  6^378^250  meters,  3.28  meters  leas  thaa  tne 
ellipsoid  of  Khayford  and  only  I5  meters  larger  than  the  ellipsoid  of 
Krasovskiy. 

Therefore  ohservations  of  artificial  earth  satellites  constitute 
the  most  accurate  and  promising  means  for  geodetic  marriages  of  con¬ 
tinents  and  should  he  eriCtensively  developed  and  applied^ 
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Figure  2 


Legend:  1  -  Greece 
2  -  Crete 


3  -  Kgypt 
4-  “  Tripoli 


Figure  3 
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